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I (54) Titie: FDiATION MEMBER FOR VALVE 




(57) Abstract: A prosthesis (10, 300) is provided for 
implantation at a native semilunar valve (140, 310) of a 
native valve complex. The prosthesis (10, 300) includes 
a distal fixation member (14), configured to be positioned 
in a downstream artery (150, 314), and shaped so as to 
define exactiy three proximal engagement arms (22) that are 
configured to be positioned at least partially within respective 
ones of semilunar sinuses (164), and, in combination, to 
apply, to tissue that defines the semilunar sinuses (164), a 
first axial force directed toward a ventricle, The prosthesis 
(10, 300) further includes a proximal fixation member (12) 
coupled to the distal fixation member (14), the proximal 
fixation member (12) configured to be positiDned at least 
partially on a ventricular side of the native semilunar valve 
(140, 310), and to apply, to the vennicular side of the native 
valve complex, a second axial force directed toward the 
downstteam artery (160, 314), such that application of the 
first and second forces couples the prosthesis ( 10, 300) to the 
native valve complex. 
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FIXATION MEMBER FOR VALVE 

C3lOSS-IU£FE3EUENCES TO RELATED APPLICATIQNS 
The pieseat application daims pdority fiom: 

• US Provisioiial Patent Application 60/845,728, eartitled, "Fixation memiber for 
5 valve," filed September 19, 2006; 

• US Pateart Application 11/728,253, entitled, "Valve fixation tecbniques using 
sandwiching," filed March 23, 2007; 

• US Patent AppUcation 11/726,893, entitled, "Sinus-engaging valve fixation 
member," filed March 23, 2007; 

10 • US Patent Application 11/726,915, entitled, "Valve fixaiion member having 
engagement aims," filed March 23, 2007; 

• US Patent A{yplication 11/726,889, entitled "Valve prosthesis implantation 
techmques," filed March 23, 2007; 

• US Patent Application 11/726,875, entitled "Axial-force fixation member for- 
15 valve." filed March 23, 2007; and 

• US Patent Application 11/726,863, etntitled, "Leafiet-sensitive valve fixation 
member," filed on March 23, 2007. 

All of the above aj^cations are inooiporated herein by reference. 

FIELD OF THE INVENTION 

20 The present invention relates generally to prosthetic devices for Uie treatment of 

bo{fy lumens, and specifically to a valve prosthesis for such body lumens. 

BACKGROUND OF THE INVENTION 

PCT Publication WO 05/002466 to Schvranunenliiai et aL, which is assigned to 
tiie assignee of the present application and is incorpozated.hetein by reference, describes 
25 prosliietic devices for treating aortic stenosis. 

PCT Publication WO 06/070372 to Schwammenlhal et al., which is assigned to 
the assignee of &e present application and is incorporated herein by reference, describes a 

1 
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prosthetic device having a single flow field therethrough, adapted for iinplantalion in a 
subject, and shaped so as to define a fluid inlet and a diverging section, distal to the fluid 
inlet 

US Patent Application Publication 2006/0149360 to Schwammenthal et al., which 
5 is assigned to the assignee of the present ^plication and is incorporated herein by 
reference, describes a prosthetic device including a valve-orifice attachment member 
attachable to a valve in a blood vessel and including a fluid inlet, and a diverging member 
that ejctends fiom the fluid inlet, the diverging member including a projdmal end near the 
fluid inlet and a distal end distanced fl:om the proximal end. A distal portion of the 
10 diverpag member has a larger cross-sectional area for fluid flow therethrough than a 
proximal portion thereof. 

US Patent 6,730,118 to Spencer et al., which is incorporated herein by reference, 
describes a valve prosthesis device suitable for implantation in body ducts. Tbs device 
comprises a support stent, ^ch comprises a deployable construction adapted to be 

15 initially crimped in a narrow configuration suitable for catheterization through the body 
duct to a target location, and adapted to be deployed by exerting substantially radial forces 
jSrom mOmi by means of a deployment device to a deployed state in the target location; 
and a valve assembly oomprisuig a flexible conduit having an inlet end and an outlet, 
made of pliant material attached to the support beams providing collapsible slack portions 

20 of the conduit at the oufleL The support stent is provided with a plurality of 
longitudinally rigid support beams of fixed length. When flow is allowed to pass through 
the valve prosthesis device fixjm the inlet to the outlet, the valve assembly is kept in an 
open position, whereas a reverse flow is prevented as the collapsible slack portions of the 
valve assembly collapse inwardly providing blockage to tiie reverse flow, 

25 US Patent 7,018,406 to Seguin et al,, which is incorporated herein by reference, 

describes a prosthetic valve assembly for use in replacing a deficient native valve, 
comprising a replacement valve supported on an expandable valve support. If desired, 
one or more anchors may be used. The valve support, i^ch entixely si^pports the valve 
annulus, valve leaflets, and valve commissure points, is configured to be collapsible for 

30 transluminal delivery and esqiandable to contact the anatomical annulus of tiie native 
valve when the assembly is properly positioned. The anchor engages the lumen wall 
when expanded and prevents sutetantial miration of the valve assembly when positioned 
in place- The prosdietic valve assembly is compressible about a catheter, and restrained 
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fiom expanding by an outer shealh. The catheter may be inserted inside a lumen within 
I3ie body, such as ihe femoral artery, and delivered to a desired location, such as the heart 
When the outer sheath is retracted, the prosthetic valve assembly expands to an expanded 
position such tiiat the valve and valve siqjport esspaad within the deficient native valve, 
5 and tiie anchor engages the himen wall. 

• • US Patent 7,018,408 to Bailey et al., wMch is incorporated herein by reference, 

describes prosthetic cardiac and venous valves and a single cathetea: device, and minimaliy 
invasive techniques for percutaneous and transluminal valvuloplasty and prosthetic valve 
implantation. The device consists generally of a stent body member, a graft, and valve 

10 flaps. The graft is preferably a biocompatible, fatigue-resistant membrane which is 
capable of endothelialization, and is attached to the stent body member on at least portions 
of either or both the tumenal and ablmnenal surfaces of the stent body member by 
suturing to or encapsulating stent struts. The valve leaflets are presferably fomred by 
sections of the graft material attached to the stent body member. The stent body member 

15 is shaped to include the following stent sections: proximal and distal anchors^ a 
intermediate annular stent section, and at least one valve exm or blood flow regulator 
struts. 

US Patent 6,458,153 and US Patent Application PiibHcation 2003/0023300 to 
Bailey et al., -vrfiich are incorporated herein by reference, describe prosthetic cardiac and 
20 venous valves and a single catheter devices and minimally invasive techniques for 
percutaneous and transluimnal valvuloplasty and prosthetic valve implantation. 

US Patent Application Publication 2004/01 86563 to Lobbi, -w^ich is incorporated 
herein by refkence, describes a prosttietic heart valve having an internal siqjport ftame 
with a continuous, undulating leaflet fiame defined therein. The leaflet flame has three 

25 cusp regions positioned at an inflow end intermediate three conunissure regions 
positioned at an outflow end thereof. The leaflet frame may be cloth covered and flexible 
leaflets attached thereto form occluding surfeces of the valve. The support frame further 
includes three cusp positioners rigidly fixed with respect to the leaflet fi:ame and located 
at the outflow amd of the support frame intermediate each pah: of adjacent commissure 

30 regions. The valve is desirably compressible so as to be delivered in a nunimally invasive 
manner through a catheter to the site of implantatiorL Upon eicpulsion from catheter, the 
valve ejcpands into contact with the surroundmg native valve annulus and is anchored in 
place without the use of sutures. Li the aortic valve position, the cusp positioners angle 
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outward into contact with the sinus cavities, and compress the native leaflets if they are 
not excised, or the aortic wall if they are. The support frame may be formed from a flat 
sheet of nitinol that is bent into a three-dimensional configuration and heat set. A holder 
having spring-like arms connected to inflow projections of ihe valve may be used to 
5 deliver, reposition and re-coUapse the valve, if necessary. 

US Patent Application Publication 2003/0130729 to Paniagua et al., vMch is 
incorporated herein by reference, describes a percutaneously implantable Kfplacement 
heart valve device and a method of makir® same. The rqplacement heart valve device 
comprises a stent member made of stainless steel or self-expanding nitinol, and a 
10 biological tissue artificial valve means disposed within Ihe inner space of liie stent 
member. An implantation and delivery system has a central part -vMch consists of a 
flexible hollow tube catheter that allows a metallic wire guide to be advanced inside it. 
The endovascuiar stented-valve is a glutaraldehyde fixed bovme pericardimn whidi has 
twoortiuree cusps that open distally to permit unidirectional blood flow. 

15 US Patent Application PubKcation 2004/0236411 to Sarac et al., which is 

incorporated herein by reference, describes a prosthetic valve for replacing a cardiac 
valve, including an e3q)andable support member and at least two valve leaflets made of a 
first layer of biological material selected from peritoneal tissue, pleural tissue, oar 
pericardial tissue. A second layer of biological material is attached to the support 

20 member. The second layer is also made from peritoneal tissue, pleural tissue, or 
pericardial tissue. The second layer includes a radially inwardly facing surface float 
defines a conduit for directmg blood flow. The valve leaflets extend across the conduit to 
pennit unidirectional flow of blood through the conduit. 

US Patent Application Publication 2005/0075720 to Nguyen et al., which is 
25 incorporated herein by reference, describe a method and system for minimally invasive 
replacemeait of a valve. The system includes a collapsible valve and anchoring slructure, 
devices and methods for eapandiag the valve anchoring structure, adhesive means to seal 
the valve to the sum)unding tissue^ a catheter-based valve sizing and delivery system, 
native valve removal means, and a temporary valve and filter assembly to fricilitate 
30 removal of debris material. The valve assembly comprises a valve and anchoring 
structure for flie valve» dimensioned to fit substantially witibdn the valve sinus. 



4 
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US Patent Application Publication 2006/0058872 to Salahieh et al., which is 
incoiporated hsacem by leferenca, describes an apparatus for aidovascularly replacing a 
patient's heart valve. In some embodimeats, the ^paratus iocludes an csspandable anchor 
supporting a replacement valve, the anchor and replacement valve being adapted for 
5 percutaneous delivery and deployment to replace the patient's heart valve, the anchor 
having a braid having atraumatic grasping elements adapted to grasp tissue in a vicinity of 
the patient's heart valve. 

US Patsait Application Publication 2005/0137688 to Salabieih et al., which is 
incorporated herein by reference, describes a method for percutaneousiy replacing a heart 
10 valve of a patient, hi some embodiments the method includes the steps of percutaneousiy 
delivering a replacement valve and an expandable anchor to a vicinity of the heart valve in 
an unexpended configuration; ea^anding the anchor to a deployed configuration m which 
the anchor contacts tissue at a first anchor site; repositioning the anchor to a second 
anchor site; and deploying the anchor at the second anchor site. 

15 US Patent Application Publication 2005/0137690 to Salahieh et al., which is 

incoiporated herem by reference, describes sppexstas for eadovascularly replacing a 
patient's heart valve, including: a delivery catheter having a diameter of 21 fitmch or less; 
an expandable anchor disposed within the delivery catheter; and a replaccmrat valve 
disposed within the delivery ca&eter. The invention also includes a method for 

20 endovascularly replacing a heart valve of a patient. Di some embodiments the method 
includes the steps of: inserting a catheter having a diameter no more than 21 french into 
the patient; endovascularly deUvering a replacement valve and an ^cpandable anchor to a 
vidniiy of the heart valve through the catheter; and deploying tiie anchor and the 
replacement valve. 

25 US Patent Application Publication 2005/0137691 to Salahieh et al., which is 

incorporated herein by reference, describes apparatus for endovascularly replacing a 
patient's heart valve, including: a custom-designed anchor, and a replacement valve, 
wherein the custom-designed anchor is adapted to engage native leaflets of the heart 
valve, and wherein fiie anchor and the valve are adapted for in vivo expansion and 

30 coiq)ling to one another to form composite apparatus Ifaat endovascularly replaces the 
heart valve. The invention also includes a method for endovascularly replacing a patient's 
heart valve. In some embodiments He method includes the steps of: providing ^paratus 
conqjrisiiig an anchor piece and a replacement valve piece; endovascularly delivering tiie 
5 
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anchor piece to a vicinily of the heart valve in a collapsed deliveiy configuration; 
expanding the anchor piece to a deployed configuration; engaging at least one valve 
leaflet of the heart valve with the anchor piece; endovascularly delivering the replaoemrait 
valve piece to the vicinity of ihe heart valve in a collapsed delivery configuration; 
5 expanding the replacement valve piece to a deployed configuration; and coupling the 
valve piece to Ihe anchor piece in vivo to form composite two-piece apparatus fliat 
endovascularly replaces the patient's heart valve. 

US Patent Application PubUcation 2005/0137695 to Salahieh et al„ viMch is 
incorporated herein by reference, describes ^iparatus for endovascularly replacing a 
10 patient's heart valve, including a replacement valve adapted to be delivered 
endovascularly to a vicinity of the heart valve; an expandable anchor adapted to be 
delivered endovascularly to the vicinity of the heart valve; and a lock mechanism 
configured to maintain a minimum amount of anchor eacpansion. 

US Patent j^pUcation Publication 2005/0143809 to Salahieh et al., which is 
15 incorporated herein by reference, describes techniques for endovascularly replacing a 
heart valve of a patient. One aspect described is a method including the steps of 
endovascularly delivering a replacement valve and an esspandable anchor to a vicinity of 
the heart valve in an unexpanded configuration; and applying an external non- 
hydraulically expanding or non-pneumatically expanding actuation force on the anchor to 
20 change the shape of the anchor, such as by applying proximally and/or distally directed 
force on the anchor using a releasable deployment tool to expand and contract tiie anchor 
or parts of the anchor. Another aspect described includes an apparatus includii^ a 
replacement valve; an anchor; and a deployment topi comprising a plurality of anchor 
actuation eletneits adapted to apply a non-hydraulically expanding or non-pneumatically 
25 expanding actuation foxoe on the anchor to reshape the anchor. 

US Patent AppUcation Publication 2005/0182483 to Osborne et al., which is 
incorporated herein by reference, describes a venous valve prosthesis having a 
substantially non-expandable, valve portion comprising a valve-closing mechanism, such 
as a pair of opposing leaflets; and an anchoring portion, such as one or more self- 
30 expanding fiiames or stents that are expandable to anchor the prosthesis at the implantation 
site. In one embodiment, the rigid valve portion includes a deposition of matedal such as 
pyrolitic carbon to reduce the tfarombogenicity of tiie blood-contacting surfaces. The 
anchoring portions preferably include a covering, such as a tubular constract of synflietic 
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or collagen-derived material (such as a bioremodelable ECM material), which attaches 
about the support structure such that blood flow is directed through the valve mechanism 
as it transitions fiom the larger diametor anchoring portion to the intennediate, smaller- 
diameter portion of the pioslhesis. In another embodiment, the valve support housing and 
5 valve-closmg elemraits are delivered m a collq>sed, folded, and/or dissembled state sized 
for delivery, then manipulated in sita to the second expanded configured following 
deployment 

US Patent Application Publication 2005/0197695 to Staccfaino et al., which is 
incorporated herein by reference, describes a cardiac-valve prosthesis ad^ted for 

10 percutaneous implantation. The prosthesis includes an armature adapted for deployment 
in a radially expanded implantation position, the armature including a support portion and 
an anchor portion, which are substantially axially coextensive with respect to one anolher. 
A set of leaflets is coupled to the support portion. Hie leaflets can be deployed with the 
armature in the implantation position. The leaflets define, in the implantation position, a 

15 flow duct that is selectably obstructable. The anchor portion can be d^loyed to enable 
anchorage of the cardiac-valve prosthesis at an inq)lantation site. 

US Patent Application Publication 2005/Q24O200 to Bergfaeim, which is 
incorporated t^rein by reference, describes methcxis and systems for introducing a 
delivery device in the heart at or near the apex of the heart, wherein tiie methods include 

20 advancing the prostiiesis to a target site, and disengaging the prosthesis j&om the delivery 
device at the target site for implantation. Specifically, the valve replacement systems are 
described for delivering a replacement heart valve to a target site in or near a heart. The 
valve replacement system comprises a trocar or otker suitable device to penetrate the heart 
at or near the sapex. of the heart, a delivery member that is movabiy disposed within the 

25 trocar, and a replacement caniiac valve disposed on the deiUvery me^^ The delivery 
member may fiirtibier comprise mechanical or inflatable esqianding members to facilitaie 
implantation of the prosthetic valve at the target site, 

US Pateet Application Publication 2006/0025857 to Bergheim et al., which is 
incorporated herein fay refermce, describes valve prostheses adapted to be initially 
30 crimped in a narrow configuration suitable for catheterization through body ducts to a 
taiget location, and adapted to be deployed by exerting substantially radial forces fiom 
within by means of a deployment device to a deployed state in the target location. 



7 
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US Patent Application Publicaticax 2006/0025855 to Lashinski et al., wMch is 
incorporated herein by reference, desOTbes a cardiovascular prosthetic valve comprising 
an inflatable body that has at least a first inflatable chamber and a second inflatable 
chamber that is not in fluid communication with tibte first inflatable chamber. The 
5 inflataijle body is confi^ired to form, at least in part, a geneiaUy amiular ring. A valve is 
coupled to the inflatable body. The valve is configured to permit flow in a first axial 
direction and to inhibit flow in a second axial direction opposite to the first axial direction. 
A first inflation port is in communication with the first inflatable chamber. A second 
inflation port in conununication with the second inflatable chamber. 

10 US Patent Application Publication 2006/0047338 to Jenson et al., which is 

incoiporated herein by reference, describes a cardiac valve having a support fiame having 
a first end member and a second end member opppsio^ the first end member in a 
substantially fixed distance relationship, and a cover extending over the si^port fi-ame to 
allow for unidirectional flow of a liquid tiu»ugh the valve. 

15 US Patent Application Publication 2006/0052867 to Revuelta et al., which is 

incorpomted herein by referoice, describes a method for functionally replacing a 
previously implanted prosthetic heart valve. The method includes positioning a 
replacement prosthetic heart valve within an iaismal region defined by the previously 
implanted prosthetic heart valve. The replacement prosthetic heart valve is then 

20 phydcaUy docked to the previously implanted prosthetic heart valve. With this tecbnique, 
the previously implanted prosthetic heart valve serves as a platform for securement of the 
replacement prosthetic heart valve to the patient's native tissue. 

US Patent Application Publication 2006/0074485 to Realyvasquez, which is 
incorporated herein by reference, describes methods and ^aratus for valve repair or 

25 replacement. In one embodiment, the apparatus is a valve delivery device comprising a 
first apparatus and a second apparatus. The first apparatus includes a heart valve support 
having a proximal portion and a distal portion and a heart valve excisor slidably mounted 
on said first apparatus. Ihe second apparatus includes a jMener assembly having a 
phirality of penetrating members mounted to extend outward when the assembly assumes 

30 an expanded configuration; and a heart valve prosthesis being releasably coupled to said 
second apparatus. Ihe first apparatus and second apparatiK are sized and configured for 
delivery to the heart through an opening formed in a femoral blood vessel. The heart 
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valve prosthesis support is movable along a lon^tudinal axis of the device to engage 
tissue disposed between the anvil and the valve prosdiesis. 

US Pateat Application Publication 2006/0259136 to Nguyen et al., which is. 
incorporated herein by reference, describes a heart valve prosthesis having a self- 
5 expanding multi-level fiame that siqfyports a valve boify comprising a skirt and plurality of 
coErpting leaflets. The fiame transitions between a conbiacted delivery configuration Hiat 
enables percutaneous transluaiinal delivery, and an expanded deployed configuration 
having an asymmetric hourglass ;^pe. The valve body skirt and leaflets are constructed 
so that the center of coaptation may be selected to reduce horizontal forces applied to the 
10 commissures of the valve, and to efficiently distribute and transmit forces along the 
leaflets and to the fiame. Alternatively, the valve body may be used as a surgically 
implantable replacement valve prosthesis. 

US Patent 7,137,184 to Schreck, which is uicoiporated heiein by reference, 
describes metiiods for fotmiog a support fiame for flexible leaflet heart valves fiom a 
15 starting blank mclude converting a two-dimensional starting blank into the three- 
dimensional support fiame. The material may he siq>erelastic, such as NITINOU and the 
method may include brading the 2-D blank mto the 3-D form and sh^e setting it A 
merely elastic material such as ELGILOY may be used and plastically deformed in stages, 
possibly accompanied by annealing, to obfeiin tiie 3-D shape. 

20 US Pateat 6,558,418 to Caipentier et al., which is incorporated herein by 

reference, describes a hig^y flexible tissue-type heart valve is disclosed having a 
structural stent m a generally cylindrical configuration wiifo cusps and commissures that 
are permitted to move radially. Hie stent commissures are constructed so Hiat the cusps 
are pivotabiy or flexibly coupled together at the commissures to permit relative movement 

25 therebetween. The stent may be cloth-covered and may be a single element or may be 
made in three separate elements for a three cusp valve, each element havii^ a cusp 
portion and two commissure portions; adjacent commissure portions for each pair of 
acgacent stent element combimng to farm the stent cmnmissures. If the stent has separate 
elements theur commissure portions may be pivotabiy or flexible coupled, or may be 

30 designed to completely separate into independmt leaflets at bioresorbable couples. The 
clotii covering may have an outwardly projecting flap that mates with valve leaflets (e.g., 
pericardial leaflets) along the cusps and commissures. A connecting band may be 
provided that follows the cusps and commissures and extends outwardly. The valve is 
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connected to tiie natural tissue along the imdulating connecting band using conventional 
technique, such as sutures. 

US Patent 6^296,662 to CafBsy,- which is inooipomted herein, by reference, 
describes heart valve prosthesis including a heart valve formed of a flexible material. An 
5 elongated stent member is provided in the valve and includes terminal ends . A plurality 
of flexible post members are formed in the stent member. Each post member includes a 
pair of opposite sides. A crimp collar interconnects the terminal ends of tbe stent 
member. The crimp collar is positioned between adjacent post members. Afmstxadiusis 
formed in tiie stent member between the crimp collar and an adjacent side of each 
10 adjacent post member. A plurality of second radii are formed in the stent member 
between an opposite side of a first one of the adjacent post members and an opposite side 
of a second one of Hie adjacent post members. The second radii are greater than each first 
radius. 

The following patents and patent application publicatbn, all of which are 
15 incorporated herein by reference, may be of interest: 

US Patent 6^12,465 to QrijBEm et al. 

US Patent 5,908,451 to Yeo 

US Patent 5,344,442 to Deac ' - - ■ • 

US Patent 5,354,330 to Hanson 

20 US Patent Application Publication 2004/0260389 to Case et al. 

SUMMARY OF THE INVENTION 

In some embodiments of the present invention, an aortic valve prosthesis for 
treating a native stenosed valve comprises two portions that are configured to axiaUy 
sandwich a native valve complex ftom the aortic (i.e., downstream) and left-ventricukr 

25 (i.e., upstream) sides fhereol^ and a collapsible valve that is configured to be open during 
systole and closed during diastole. The two portions typically include a collapsible inner 
support structure that serves as a proximal (i.e., upstream) fixation member, and a 
collapsible outer support strocture ttiai serves as a distal (i.e., downstream) fixation 
ihember. The distal fixation memba: is configured to be positioned in an ascending aorta 

30 of the subject, and to apply, to an aortic side of the native valve complex, a first axial 
force directed toward a left ventricle of the subject The proximal fixation member is 
10 
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configured to be positioned at least partially on the left-ventricular side of the aortic valve, 
typically extending at least partially into the left ventricular outflow liact (LVOT), and to 
^ly, to a left-ventricular side of the aortic annulns (typically, at the top of the left 
ventricle), a second axial fi>roe directed in a downstream direction {i.e., toward the 
5 ascaiding aorta). Application of liie first and second forces couples the prosthesis to the 
native valve. 

In some CTobodiments of the present invention, the valve pros&esis is configured 
to treat a native puhnonaiy valve. 

For some applications, Ihe distal fixation member is shaped so as to define 
) engagement arms that are configured to be positioned distal to the native annulus, at least 
partially wiflun the aortic sinuses, and, fbr some applications, to apply the first axial force. 
Typically, for these applications, the distal fixation member is configured to apply the first 
axial force to the floors of the aortic s 



The valve prosthesis is configured to be placed in the native steooised valve using a 
15 minimaUy-invasive appioach, such as an endovascular or transapical approach. The valve 
prosthesis is configured to be self-expandmg and easy to position, and typically does not 
require suturing to be hdd in place. The native valve leaflets typically do not need to be 
opened to the maximal extent possible, but rather only to liie extent which allows 
insertion of the narrowest part of the valve prosthesis, the diameter of which is lypically 
20 about 15-20 mm. Placement of tiie valve prosthesis is thus acconqranied by reduced risk 
of embolism of calcific or thrombotic material dislodged &om the valve and coronary 
occlusion compared to many conventional ^ve prosthesis implantation procedures. 

Unlike some valve prostheses known in the art, the valve prosthesis of some 
embodiments of the present invention does not rely for fixation on high forces applied 

25 outwardly radially against the native -ralve. I^ically, a ratio of (a) tiie first or second 
axial force applied by the valve prosthesis to (b) the radial force agplisd outwardly by the 
valve prosthesis agamst the native valve is greater than 1.5:1, e.g., greater than 3:1 or 
greater than 6:1. For some applications, the valve prosthesis applies a radial force of less 
than 0.5 pounds (0.23 kilogram-fi)rce) outwardly against the native valve, such as less 

30 than 0.3 pounds (0.14 kgO, or less i3am 0.1 pounds (0.045 kgf). For some applications, 
the valve prosthesis is configured to apply the first axial fijice with a force of at least 40 g 
during diastole, and the second axial force with a force of at least 1 g (e.g., at least 5 g) 
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during systole. For some applications, like valve prosHiesis is configured to apply the first 
axial force with a force of no more than 1700 g during diastole. 

la oliier embodiments^ the valve prosthesis £^)plies a. force outwardly, radially. . 
against the native valve that is sufficient to aid wilii fixation of the prosthesis, or sufScienl 
5 to fixate the prosthesis. 

In some embodiments of flie present invention, the valve prosthesis applies such 
outwardfy radial forces only to the extent necessaiy to allow insertion of the prosthesis 
fhrougji the native valve, but not sufficiently to fully open the native leaflets to the 
maximum extent possible. This level of radial force application, lypicaily in conjunction 

10 with the distal fixation member placed upon the aortic side of the native valve leaflets, 
prevents pushing of the native valve leaflets against the coronary ostia. Additionally, the 
configuration of tiie valve prostiiesis generally reduces or eliminates leakage around the 
prosthetic valve, by avoiding damage to the native leaflets. Such damage is avoided 
because the valve prosfliesis ^ically does not fiiUy open, fold over, or crimp the native 

15 leaflets. lostead, the valve prostiiesis gentiy envelops the leaflets between the distal 
fixation member (e.g., the ejogagement arms thereof) and the proximal fixation member. 
Such dam^ to the native leaflets is also avoided because tiie valve prosthesis typically 
does not apply substantial axial force to the native valve commissures. Furthermore, for. 
applications in wMch the valve prosthesis compdses a bulging p3X>ximal skirt, as 

20 described heceiiibelow, the skirt generally helps reduce leakage around, the prosthetic 
valve. 

Typically, the valve prosfliesis does not apply an axial force to the tips of the 
native valve leaflets that would result m shortening of the length of tiie leaflets, or forced 
beaadmg, cdmping, or folding over of the leaflets. Given the complex composition of lie 
25 leaflets (fibrous tissue, soft atheroma, and calcifications), such compression might result 
in Ihe application of shear forces to Ifae leaflets, \^ch might dislodge material and cause 
an embolism. 

Although the valve prosthesis is genoally described herem wifli respect to treating 
a native aortic valve, in some embodiments the valve prosthesis is used to treat a native 
30 pulmonary valve (i.e., the other semilunar valve ui the heart), or another native valve of 
tiie body, with appropriate modifications to the valve prosthesis. 
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As used herein, including in the claims, the "native valve complex" includes the 
native semilunar valve leaflets, the anrndus of the valve, the subvalvular tissue on the 
ventricular side, and the lower half of the semilunar sinuses. 

There is therefore provided, in accordance witih an embodiment of the piesent 
5 invention, E^azatus including a prosthesis for implantation at a native semilunar valve of 
a native valve complex of a subject, the native valve complex having three semilunar 
sinuses and three native commissures, the prosthesis including a valve prosthesis support, 
which includes a support structure including exactiy three engagement arms that meet one 
another at three respective junctures, 
10 wherein the engagement anns are shaped so as define three peak complexes at the 

ftiree respective junctures, and three bough complexes, each of which is between two of 
Ibie peak complexes, and 

\\iieiiein upon implantation of the pros&esis, each of Ihe engagement anus is at 
least partially disposed within a respective one of the semilunar sinuses, such that each of 
15 the peak complexes is disposed distal to and in rotational alignment wilh a respective one 
of the native conmiissures, and each of the trough con^lexes is disposed at least partially 
within the respective one of the semilunar sinuses. 

In an embodiment, the native semilunar valve mcludes a native aortic valve of the 
subject, the semilunar sinuses include respective aortic simises, and vipon implantation of 
20 the prosthesis, each of the eng^ement arms is disposed at least partially witiiin the 
respective one of the aortic sinuses. 

In an embodiment, the native semilunai valve includes a native pulmonajy valve . .. . 
of the subject, the semilunar sinuses include respective pulmonary sinuses, and upon 
implantation of the prosthesis, each of the engagement arms is disposed at least partially 
25 within the respective one of the pulmonary sinuses. 

in an ranbodiment, the engagement arms are shaped such that each of the peak 
complexes includes exactiy one peak at its respective one of the junctures. In an 
embodiment, the engagement arms are shaped such that each of the Irough complexes 
includes exactiy one trough. 

30 For some applications, the engagement arms are shaped so as to define exactiy one 

trough between each two of the peak complexes. Alternatively, the engagemrat arms are 
shaped so as to define a plurality of troughs between each two of the peak complexes. 
13 
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In an embodiment, the engagement arms are configured to touch respective 
transitions between the respective semilunar sinuses and respective native leaflet roots of 
the native valve complex, upon implantation of the prosthesis. 

In an embodiment, the prosthesis is configured such that, during implantation of 
5 the prosthesis, the peak complexes self-align with the respective native commissures. 

For some plications, rxpoa implantation of the prosthesis, each of the peak 
oon:5>lexes is disposed in the rotational alignment with the respective one of the native 
commissures with a rotational oSsest. Alt^atively, upon in^lantation of the prosthesis, 
each of the peak complexes is disposed in the rotational alignment with the respective one 
10 of the native commissures without a rotational offset 

In an embodiment, fiie valve prostiiesis support, iqwn unplantation of Hie 
prosthesis, does not press upon the native commissures of the native semilunar valve. 
Alternatively, the peak complexes, upon implantation of the prosthesis, touch the 
respective native commissures of the native semilunar valve at the respective junctures of 
15 the engagement arms. 

For some applications, the prosthesis is configured to apply a radial force of less 
than 0.5 pounds outwardly against the native semilunar valve. 

In an embodiment, 1ib» prosthesis is configured such that any radial force applied 
by the prosthesis outwardly against the native semilunar valve is insujSBcient by itself to 
20 chronically maintain llie prosthesis in position with respect to the native valve coniplex 
under conditions of normal cardiac motion. 

Li an embodiment, the prosthesis is configured, upon implantation thereof to 
embrace, such as genfly embrace, without squeezing, leaflets of the native semiltmar 
valve. 

25 For some applications, the prosthesis is configured, upon implantation thereof, 

such that the engagement arms apply a force to distal sides of tiie leaflets of the native 
semilunar valve while liie engagement arms are gooerally parallel to the distal sides of the 
leaflets. 

In an embodiment, tiie valve prosthesis supix)rt is configured such that, upon 
30 implantation of the prosthesis, the valve prosthesis support does not fold over leaflets of 
the native semilunar valve. In an embodiment, the valve prosthesis support is configured 
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such that, upon implantation of the prosthesis, the valve prosthesis support does not push 
leaflets of the native semilunar valve towards resi^sctive semilmiar sinus floors of the 
native valve complex. In an embodiment, the prosthesis is configured to less than fiilly 
open leaflets of the native valve cmnplex when the prosthesis is implanted at the native 
5 valve complex. In an embodiment, ihs valve prosthesis support is configured to elevate 
leaflets of the native semilunar valve from wittiin the semilunar sinuses i^ran implantation 
of the prosthesis. 

In an embodiment, the prosthesis is conftguied such that, upon implantation at the 
native valve conqilex, the engagement arms are aligned by rotation with respective ones 
} of the semilunar sinuses. 

In an embodiment, each of the engagean^ anns includes at least one extension 
element that ejctends from the engagement arm, which at least one extension element is 
configured to engage a sinus floor of the respective one of the semilunar sinuses vipcfn. 



15 h) an embodiment, eadi of the engagement aims is configured to engage a 

resp^:tive one of the semilunar sinuses upon implantation of the prosthesis. For some 
applicafioBB, each of tibie aigagement arms is configured to firmly engage the respective 
one of the semilunar sinuses upon implantation of the prosthesis. 

In an embodiment, the valve prosthesis siqjport is configured not to apply a force 
20. to leaflets of tiie native semilunar valve sufi5ci«it to hold the prosthesis in place. 

For some applications, each of the engagement arms is sh^d so as to define at 
least one extension element that extends fix)m the engagement arm, and each of the 
engagement arms and its respective at least one esdension element are configured such 
that tiie engagement arm engage, via the at least one extension element, a sinus floor of 
25 - the respective one of the semilunar sinuses upon implantation of the prosthesis. 

For some applications, each of the engagement arms is shaped to define a length, 
parallel to a longitudmal axis of fee prosthesis, between (a) at least one of the junctures 
and (b) a contact point of one of the engstgement arms that meets at the juncture with a 
sinus floor of the respective one of the semilunar smuses upon implantation of fee 

30 • prosthesis, which length is greater than 6 mm. 

In an embodiment, the prosthesis includes a prosthetic valve including one or more 

prosthetic leaflets, at least a portion of each of fee piosfeetic leaflets is configured to 
15 
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assume a closed position duiing diastole and an open position during systole, and tiie at 
least a portion is not directly coupled to any of the engagement arms. For some 
applications, the prosthetic valve is coiqjled to the support structure such that at least 50% 
of an axial laigth of the prosthetic leaflets is distal to native valve leaflets of the native 
5 semilunar valve, upon implantation of the prosthesis. For some applications, the 
prosthetic valve includes a collapsible pliant material, configured to assume the open and 
closed positions. For some applications, the valve prosthesis support and the prosthetic 
valve are configured to define a single flow field through the valve prosthesis support and 
the prosthetic valve. Alternatively, the valve prosthesis support and the prosthetic valve 
10 are configoried to define a plurality of flow fields through ibib valve prosthesis support and 
liie prosthetic valve. 

In an embodiment, the support structure includes exactly three commissural posts, 
to which tiie junctures of the engagement arms are respectively attached. For some 
applications, t^on implantation of the prosthesis, the commissural posts are rotationally 
1 5 aligned with respective ones of the native commissures. 

In an embodiment, the engagement arms are shaped so as to flare out laterally to 
an angle with respect to a centi:al axis of the prostiiesis. In an embodiment, the 
engagement anns conform to a shape of a semilunar root of the native valve coanplex 
when the engagement arms ate flazed out. In an embodiment, the engagement arms are 
20 shaped so as to curve outwards laterally. Ihanembodimenli ashapeof atleastone ofthe 
engagement arms is generally characteiissed by a function z"(r) >= 0, where z is a height 
of any given point on the at least one engs^ement aim measured along a longitudinal axis 
of the prostiiesis, and r is a distance firom tiie longitudinal axis to the given point. For 
some applications, tiie shape is generally characterized by the function z"(r) > 0. 

25 In an ^bodiment, the support structure is configured to serve as a distal fixation 

member, the valve prosthesis support includes a proximal fixation member, and the 
proximal fixation member and the engagement arms of fee distal fixation member are 
configured to axially sandwich the native valve complex fiom ventricular and downstream 
sid^ thereof; respectively, upon implantation of the prosthesis. 

30 In an embodiment, the engagement arms are configured to be diq)osed, during an 

implantation procedure, at least partially within the respective ones of the semilunar 
sinuses before the proximal fixation member is positioned at least partially on the 
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ventricular side of the native valve con^lex, such that the arms prevent leaflets of the 
native valve complex from opening more than a predetennined desired amount, ttie 
opening being because of &zce aiiplied the proximal fiKation member to the leaflets. 
In an embodiment, the proximal fixation member is configured to be positioned at 
5 least partially in a ventricle of the subject upon implantation of the prosthesis- 

In an embodimoat, the proximal fixation memb^ is shaped so as to define at least 
one barb configured to apply a baib force to the ventricular side of the native valve 
complex. For some applications, the at least one barb is configured to pierce the 
ventricular side of the native valve conq)lex. Alternatively, the at least one barb is 
10 configured to protrude into tissue of the ventricular side of the native valve complex, 
without piercing the tissue. In an embodiment, the distal fixation member is sliaped so as 
to define at least one mating baib, and the at least one baib of the proximal fixation 
member is configured to engage the at least one mating barb, so as to help hold the 
proslhesis in place, 

15 In an embodinoent, the proximal and distal fixation members are coll^sible. For 

some appiicationSi the distal fixation member is configured to be positioned, during an 
implantation procedure, in a downstream artery while coUapsed, and to be expanded 
before ibst proximal fixation member is positioned at least partially on the ventricular side 
of the native valve complex, the downstream arteiy selected &om the group coiosisting of; 
20 an ascending aorta, and a puhnonaiy trunk. For some applications, the apparatus includes 
at least one tube selected fiom the group consisting of: an oveitube and a trocar, and the 
proximal and distal fixation members are configured to be stored in the selected tube 
while collapsed, and to expand upon behag deployed fiom the selected tube. 

In an embodiment, the proximal fixation member includes an inner support 
25 structure, and the distal fixation member includes an outer support structure tiiat is placed 
partially over the inner support structure. For some applications, the inner and outer 
support structures are configured to be coupled to one another during an implantation 
procedure. 

In an embodimfiat, the outer siq>poit structure is sliaped so.as to define a pluralily 
30 of distal diverging stmt supports, fiom whidi the engagement arms eistend radially 
outward. In an embodiment^ the prosUiesis is configured such ^aat, upon implantation at 
tiie native valve complex, the strut supports are aligned with flie respective native 
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commissures. In an embodiment, tiie inner support structure is shaped so as to define a 
plurality of distal diverging inner stmts. 

In an embodiment, the inner support structuie is shaped so as to define a .bulging 
proximal skirt, a proximal portion of which is configured to apply an axial force directed 
5 toward a downstream artery selected &om iJie group consisting of: an ascending aorta, and 
a puhnonary trunk. For some applications, Uie prosthesis includes a graft covering that 
covers at least a portion of the skirt 

In an embodiment, the inner support structure is sihaped so as to define a plurality 
of distal diverging inner struts, and the skirt extends fix)m the inner struts. 

10 In an embodiment, the outer support structure is ^laped so as to define a plurality 

of distal diverging strut supports, fix)m which the engagement arms extend radially 
outward, and each of the strut siqjports is positioned over a respective one of the inner 
stmts. 

In an embodiment, the engagement arms are positioned over a portion of the skirt 
15 In an embodimerd, the prosthesis includes a valve including a collapsible pliant 

mataial, configured to assume a closed position during diastole and an open position 
during systole, and the pliant material includes a plurality of segments, at least two of 
which are coupled together by one of the sirut supports and its respective one of the inner 
struts. 

20 There is further provided, in accordance with an embodiment of the present 

invention, apparatus including a prosthesis for implantation at a native aortic valve of a 
native valve complex of a subject, tiie native valve complex having exactly two aortic 
sinuses and two native commissures, the prosliiesis including a valve prosthesis support, 
which includes a support structure including exactly two engagement arms that meet one 

25 another at two respective junctures, 

wherein the engagement arms are shaped so as define two peak complexes at the 
two respective junctures, and two trough complexes, each of which is between the peak 
complexes, and 

wherein upon implantation of the prosthesis, each of the engagement arms is at 
30 least partially disposed within a respective one of the aortic sinuses, such that each of the 
peak complexes is disposed distal to and in rotational alignment with a respective one of 
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the native coimnissraes, and each of the trough complexes is disposed at least partially 
within the respective one of the aortic sinuses. 

In an embodiment, the eaigageinent arms are shaped such that each of . the, peak. . . 
complexes includes exactly one peak at its respective one of the junctures, in an 
5 embodiment, the engagement anns are sbsped such that each of the trough complexes 
includes exactbjr one tiou^. 

In an embodiment, each of the engagement arms is configured to engage a 
respective one of the aortic sinuses upm implantation of the prosthesis. 

Hiere is still fittflier provided, in accordance with ao embodiment of the present 
1 0 invention, apparatus including a prosthesis for implantation at a native s emilunar valve of 
a native valve complex of a subject, the prosthesis including: 

a prosthetic vahre including one or more prosthetic leaflets configured to assume a 
closed position during diastole and an open position during systole; and 

a valve prosthesis support, coiqjled to the prosthetic valve, and configured to 
1 5 engage one or more semilunar sinuses of the native semilunar valve site, such that at least 
50% of an axial length of the proslh^c leaflets is distal to native valve leaflets of the 
native semilunar valve. 

In an onbodimentj the native semilunar valve includes a native aortic valve, the 
semilunar sinuses include respective aortic sinuses, and the valve prosthetic siqjport is 
20 configured to engage the one or more ^rtic sinuses. In an embodiment, the native 
semilunar valve includes a native pulmonary valve, the semilunar sinuses include 
respective puhnonary simjses, and the valve piosflietic siq>port is configured to engage the 
one or more pulmonary sinuses. 

There is yet further provided, in accordance with an embodiment of the present 

25 invention, a method for implanting a prosthesis at a native semilunar valve of a native 

valve complex of a subject, the native valve complex faaviog three.semilunar sinuses and 

three native commissures, the method including: 

providing the prosthesis including a valve prosthesis support, vMch valve 

prosthesis sipport includes a support stmcture mcluding exactly three engagement arms 

30 that meet one another at three respective junctures, and tfie engaganent arms are shaped - 

so as define three peak coniplexes at the three respective junctures, and three trough 

complexes, each of which is between two of the peak coniplexes; and 
19 
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implanting the prosthesis such that eadi of the engagement sxms is at least 
partially disposed within a respective one of Uie semilunar sinuses, each of the peak 
complexes is disposed distal to and in rotational alignment with a respective one of the 
native commissures, and each of the trough complexes is disposed at least partially within 
5 the respective one of the semilunar sinuses. 

Iq an embodiment, the native semUunar valve includes a native aortic valve of the 
subject, the semilunar sinuses include respective aortic simises, and implanting includes 
implanting the prosihesis such tiiat each of the engagement arms is disposed at least 
partially within the respective one of the aortic sinuses. 

0 In an embodiment, the native semilunar valve includes a native pulmonary valve 

of the subject, the semilunar sinuses include respective pulmonary sinuses, and implanting 
includes implanting the prosthesis such that each of the engagement arms is disposed at 
least partialjly within the respective one of the pulmonary sinuses. 

In an embodiment, the prosthesis is configured such that, during implantation of 
5 the prosthesis, the peak complexes self-align with the respective native commissures. 

hi an embodiment, implanting includes implanting Ihe prosthesis such that the 
prosthesis embraces, such as gently embraces, without squeezing, leaflets of the native 
sesmilunar valve. In an embodiment, implanting includes implanting the prosthesis such 
tiiat the valve prosthesis siqjport does not fold over leaflets of the native semilunar valve. 
► In an embodiment, raiplanting mcludes implanting the prosthesis such that the 

engagement arms touch respective floors of the respective semilunar sinuses. 

In an embodiment, implanting mcludes causing the prosthesis to self-align with 
. respect to the native semilunar valve site by gently rotating the prosthesis. 

hi an embodiment, the support structure is configured to serve as a distal fixation 
member, the valve prosthesis support includes a proximal fixation member, and 
implanting includes implanting the prosthesis such that the proximal fixation member and 
Ihe erjgagement aims of the distal fixation mmber axially sandwich -the native valve 
complex from ventricular and downstream sides IhereoJ^ respectively. 

In an embodiment, implammg includes: ..... 
positioning the distal fixation member in a downstream artery while the distal 
fixation member is coll^sed; 
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expanding Hie distal fixation m«nber; and 

thereafter, positiomng the proximal fixation member at least partially on the 
ventricular side of the native valve complex, the downstream artery selected from the 
group consisting of: an ascending aorta, and a pulmonary trunk. 

5 In an embodiment, implanting includes: 

storing the proximal and distal fbcation members in at least one tube selected from 
the group consisting of: an overtube and a trocar, wiiile the proximal and distal fixation 
members are coll^^sed; and 

deploying the proximal and distal fixation members finm the selected tube such 
10 that the proximal and distal fixation members expand. 

In an embodiment, the proximal fixation member includes an inner support 
structure, the distal fixation member includes an outer support structure that is placed 
partially over the inner support structure, and implanting includes configuring the inner 
and outer support structures to one another during the iTiy1aiitiTi£ . 

15 Jhece is additionally provided, in aocordance vdth an embodiment of the present 

invention, a method for implanting a prosthesis at a native aortic valve of a native valve 
complex of a subject, the native valve complex having exactly two aortic smuses and two 
native commissures, the method including: 

providing the prosthesis includmg a valve prosthesis support, vAadi valve 
20 prosthesis support includes a support structure including exactly two engagement aims 
that meet one auofher at two respective junctures, and the engageanent arms are shaped so 
as defme two peak complexes at the two respective junctures, and two.troi^.compk«es, .. 
each of which is between the peak conq)lexes; and 

implanting the prosthesis such that each of the engagement arms is at least 
25 partially disposed withm a respective one of tiie aortic sinuses, each of the peak 
conqjlexes is disposed distal to and in rotatiooal alignment with a respective one of the 
native commissures, and each of the trougji complexes is disposed at least partially -withm 
the respective one of liie aortic smuses. 

There is still additionally provided, in accordance with an embodunent of the. 
30 presetit invention, a method for implanting a prosthesis at a native semilunar valve of a 
native valve complex of a subject, tiie method including: 
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providing the prosthesis including a prostiietic valve including one or more 
prosthetic leaflets configured to assume a closed position during diastole and an open 
position duiii^ systole, and a valve prostiaesis support, coupled to the prosthetic valve; 
and 

5 implanting the prosthesis such that the valve prosthesis si^port engages one or 

more semilunar sinuses of the native semilunar valve site, such that at least 50% of an 
axial length of the prosthetic leaflets is distal to native valve leaflets of the native 
semilunar valve. 

In an embodiment, the native semilunar valve includes a native aortic valve, and 
10 implanting the prosfliesis iiKdudes implanting the prostihesis such that the valve prosthesis 
support engages the one or more semilunar smuses of the native aortic valve. 

In an emibodiment, the native semilunar valve includes a native puhnooaiy valve* 
and implanting the prosthesis includes implanting the prosthesis such that the valve 
psrosfhesis support engages the one or more semilunar sinuses of &e native pulmonary 
15 valve. 

In an embodiment, in^lanting the prosthesis includes implantii^ the prosthesis 
such that the prosthesis leaflets do not eng^ tiie semilunar sinuses. 

In an embodiment, implanting the prosthesis includes causing the prosthesis to 
self-align with respect to the native semilunar valve site by gently rotating the prosthesis. 

20 There is yet additionally provided, in accordance with an embodimeat of the 

present invention, a method, includiiig: 

placing a semilunar valve prosthesis at a native semilunar valve site, which 
prosfliesis includes a prosthetic valve including one or more prosthetic leaflets configured 
to assume a closed position during diastole and an open position during systole; and 

25 engaging a portion of the semilunar valve prosthesis, other than the prosthetic 

leaflets, with one or more semilunar sinuses of the native sanilunar valve site, such that at 
least 50% of an axial length of the prosthetic leaflets is distal to native valve leaflets of a 
native soooilunar valve of the native semilunar valve site. 

hi an embodiment, the native semilunar valve site includes a native aortic valve 
30 site, the semilunar sinuses include respective aortic sinuses, the semilunar valve prostiiesis 
includes an aortic valve prosthesis, placing includes placing the aortic valve prosthesis at 
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liie native aortic valve site, and engaging includes engaging the portion of the aortic valve 
prosthesis witii &e one or more aortic sinuses. 

In an embodiment, .tie native semilunar valve site includes a native pulmonaiy 
valve site, the semilunar sinuses include respective pulmonaiy sinuses, the semilunar 
5 valve prosthesis includes a pulmonary valve prosthesis, placing includes placing the 
pulmonary valve prosthesis at the native pulmcnaiy valve site, and eagaging includes 
engaging tiie portion of fhe pulmonaiy valve prosthesis with the one or more pulmonary 
sinuses. 

In an embodiment, engaging includes causing the semilunar valve prosthesis to 
10 self-^gn with respect to the native aftmibrnflr valve site hy gentiy rotating the seamlunar 
valve prosthesis. 

There is also provided, in accordance with an embodiment of the present 
invention, apparatus induding a prosthesis for impkntatian at a native semilunar valve of 
a native valve complex of a subject, the native valve complex having semiltmar sinuses, 
15 the prosthesis includii^ a valve prosthesis support, which includes a support strmiture 
including at least two engagement arms, 

wherein, upon implantation of the prosthesis, each of the engagement arms is at 
least partially disposed within a respective one of tiie semilunar sinuses, and 

wherein a ^lape of at least oiie of the eiigageineat arms is generally characterized 
20 by a function z"(r) >= 0, where z is a height of any given point on the at least one 
engagement arm measured along a longitudinal axis of the prosthesis, and r is a distance 
fixwn the longitudinal axis to &e given point. 

For some applications, the shape is generally characterized by the function z"(r) > 

0. 

25 hi an embodiment, the native semilunar valve includes a native aortic valve of the 

subject, the semilunar sinuses include respective aortic sinuses, and, upon implantation of 
the prosthesis, each of the engagement aims is disposed at least partially within the 
respective one of tiK aortic sinuses. 

In an embodiment, the native semilunar valve includes a native pulmonary valve 

30 of the subject, the semilunar sinuses include respective pulmonary sinuses, and, upon 

implantation of the prosthesis, each of tiie engagement arms is at least partially disposed 

within the respective one of the pulmonary sinuses. 
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For some applications, each of the engagement anus includes at least one 
extension element that extends from the engagement arm, vMcii at least one extension 
element is configured to engage a sinus floor of the respective one of the semilimar 
sinuses upon implantation of tiie prosthesis. 
. 5 In an embodiment, the si5>port structure includes exactly three engagemeant arms. 

La an emljodiment, the prpsjihesis is configured, vapon implantation thereof, to 
embrace, such as gently embrace, without squeezing, leaflete of the native semilunar 
valve. In an embodiment, &e valve prosthesis support is configured such that, upon 
implantation of the prosthesis, Ihe valve prosthesis support does not fold over leaflets of 
10 the native semilunar valve. 

In an embodiment, &e si^ort structure is coni^ured to serve as a distal fixation 
member, the valve prosthesis support includes a proximal fixation member, and the 
proximal fixation member and the etigagement arms of the distal fixation member are 
configured to axially sandwich the native valve complex from ventricular and downstream 
1 5 sides thereof, respectively, upon implantation of the prosthesis. 

In an embodiment, each of fte engagement arms is configured to engage a 
respective one of &e semilunar smuses upon implantetion of flie prosthesis. 

For some applications, each of the engagement arms is shaped so as to define at 
least one extension element that extends fiiom the engagement arm, and each of I3ie 
20 engagement arms and its respective at least one extension element are configured such 
that the engagement aim engages, via the at least one extension element, a sinus floor of 
the respective one of the semilunar sinuses uppn implantation of tibie prosthesis. 

For some applications, each , of the eai^^gement arms is shaped to defime a length, 
parallel to a longitudinal axis of the prosthesis, between (a) at least one of the junctures 

25 and (b) a contact point of one of the engagament arms that meets at the juncture with a 
sinus floor of the respective one of the semilunar sinuses upon implantation of the 
prosthesis, which length is greater than 6 mm. 

In an embodiment, the prosthesis includes a prosthetic valve including one or more 
prosthetic leaflets, at least a portion of each of the prosthetic leaflets is configured to 

30 assume a closed position during diastole and an open position during systole,- and the at 
least a portion is not directly coupled to any of the engagement arms. For some 
applications, the prosilietic valve is coupled to the support structure suchi that at least 50% 
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of an axial length of the prosthetic leaflets is distal to native valve leaflets of the native 
semilunar valve, Txpon implantation of the prosthesis. 

In an embodiment, the engagement aims are configured to touch respective floors , 
of the lespective semilunar sinuses, tipon implantation of the prosthesis. 

5 In an ^bodiment. Has engagemeait amis ate oonfigiiTed to firmly eagagp the 

respective jsemilunar sinuses^ upon iTTt p lflTitflti OT* of the prosthesis. 

There is further provided, in acoordanoe with an embodiment of the pres^ 
invention, apparatus including a prosthesis for implantation at a native semilunar valve of 
a native valve con^lex of a subject, the native valve complex having semilunar sinuses, 
10 the prosthesis including a valve prosthesis support, vAddx includes a SJ^iport structure 
including at least two eugagement aims, 

wherein, upon implantation of the prosthesis, each of Ihe engagement arms is at 
least partially dig)osed within a respective one of the semilunar sinuses, and 

wherein a shape of at least one of the engagement arms is generally inwardly 
15 concave. 

There is still ftirther provided, in accordance with an embodiment of the present 
invention, a metiiod for implanting a prosthesis at a native semilunar valve of a native 
valve complex of a subject, the native valve complex having semilunar smuses, the 
method including: 

20 providing Ihe prosfibfisis including a valve prosthesis support, whicii valve 

prosthesis support mcludes a support structure including at least two engagement arms, 
and a shape of at least one of the engagement aims is generally characterized by a 
function z"(r) >= 0, where z is a height of any given point on the at least one engagement 
aim measured along a longitudinal axis of the prosthesis, and r is a distance from the 

25 longitudinal axis to the given point; and 

implanting the prosthesis such that each of the engagement arms is at least 
partially disposed within a respective one of the semilunar sinuses. 

In an embodiment, implanting includes implanting the prosthesis such that each of 
the engagement arms is configured to engage a respective one of the semilunar sinuses. 

30 There is yet further provided, in accordance with an embodiment of the present 

invention, a method for implanting a prosttiesis at a native semilunar valve of a native 
25 
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valve complex of a subject, the native valve complex having semilunar sinuses, tiie 
method including: 

providing the prosthesis including a valve prosflbesis siqiport, which valve 
prosOiesis siqiport includes a support structure including at least two engagemoot aims, 
5 and a shape of at least one of &e engagement arms is generally upwardly concave; and 

implanting the prosthesis such that each of the engagement arms is at least 
partially disposed withm a respective one of the semilunar sinuses. 

There is additionally provided, in accordance with an embodiment of the present 
invention, a method including: 
10 providing a semilunar valve prosthesis; and 

implanting the prosthesis without using any imaging techniques. 

In an embodiment, providing the semilunar valve prosfliesis includes providmg an 
aortic valve prosthesis. In an embodiment, providing the semilimar valve prosthesis 
includes providing a pulmonary valve prosthesis. 

15 hi an ^bodiment, implanting includes: placing ibe prosthesis at a semilunar valve 

site; and causing the prosthesis to self-align with respect to the site by gently rotating the 
prosthesis. 

In an embodiment, unplantmg the prosthesis mcludes determining a correct 
rotational disposition of the prosthesis with respect to a semilunar valve site based on 
20 tactile feedback. 

There is still additionally provided, in accordance with an embodiment of the 
present invention, a method mchidmg: 

providing a semilunar valve prosthesis; 
placing the prosthesis in a body of a subject; and 
25 determining a correct rotational disposition of the prosthesis with respect to a 

semilunar valve site based on tactile feedback. 

In an embodiment, providing the semilunar valve prosthesis includes providing an 
aortic valve prosthesis. In an embodiment, providing the semilunar valve prosthes^ 
includes providing a puhnonaiy valve prosthesis. ■ . 

30 In an etnboduneait, plack^ the prosthesis includes placing the prosthesis without 

using any ii naging techniques. 

26 
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There is yet additionally provided, in acccwdance with an eanbodimeat of tiie 
preseait invention, a melhod including: 

placing a semilunar valve prosthesis at a native semilunar valve site; and 
causing flie prosfhesis to self-align with respect to the site by gentiy rotating the 
5 valve prosfhesis. 

In an ^bodimen^ the semilunar valve prosthesis includes an aortic valve 
prosfliesis, the native semilunar valve site includes a native aortic valve site, and placing 
includes placing the aortic valve j»osfliesis at the native aortic valve site. In an 
embodiment, the semilunar valve prosthesis includes a pulmonary valve prosthesis, the 
10 native semilunar valve site includes a native pulmonary valve site, and placing includes 
placing the puhnonaiy valve prosthesis at the native puhnonaiy valve site. 

In an embodiment, causmg the prosthesis to self-align includes moving the 
prosfliesis m an axial dttection defined with respect to an axis of a downstream artery, 
while gentiy rotating the prosthesis, the downstream artery selected ftom the group 
1 5 consisting of: an ascending aorta, and a pulmonary trunk. 

In an embodunent, gently rotating the prosftesis includes movuig the prosthesis in 
a projdmal direction such thai contact of the prosthesis with tissue of liie native semilunar 
valve site causes the rotating. 

Ih an embodiment, placing the prosthesis and causing the prosthesis to self-^gn 
20 include placmg the prosthesis and causmg the prosthesis to self-align witiiout using any 
imaging techniques. 

In an embodiment, causing the prosfhesis to self-a%i mcludes verifying that ti:c 
prosthesis is properly aligned with respect to the semilunar valve site by attempting to 
rotate the prosthesis witii respect to the semilunar valve site. 
25 In an embodiment, the prt^esis is shaped so as to define one or more proximal 

engagement arms that are configured to be positioned at least partially within respective 
semilunar sinuses of the native semilunar valve sitCi and causing the prosfhesfa to self- 
align mcludes causmg the engagement arms to self-align witii respect to tiie respective 
semilunar sinuses. 

30 bi an embodiment, gentiy rotating tiie prostiiesis includes moving the piosthesis-in 

a proximal direction such that contact of one or more of the engagement aims with tissue 
of the native semilunar valve site causes the rotating. 

27 
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In an embodiment, causing the prosthesis to self-align includes verifying that the 
engagement anns are properly placed with respect to the semilunar valve site by 
attemptii]^ to rotate the engagement arms witii respect to the semilunar valve site, . 

There is also provided, in accordance with an embodiment . of the present 
5 invention, a method, including: 

placing a semilunar valve prosthesis at a native semilunar valve site, the prosthesis 
sh^ed so as to define one or more proximal engagement arms; 

attemptii^ to position the engagement arms at least partially within respective 
semilunar sinuses of the native semilunar valve site; and 
10 verifying that the engagement arms are properly placed with respect to the 

semilunar valve site by attempting to rotate the engagement arms with respect to the 
semilunar vaive site. 

In an embodiment, the semilunar valve prosthesis includes an aortic valve 
prosthesis, the native semilunar valve site includes a native aortic valve site, and placing 
15 includes placing tiie aortic valve prosthesis at the native aortic valve site. 

hi an embodimeait, the semilunar valve prosthesis includes a pulmonary valve 
prosthesis, the native semilunar valve site includes a native pulmonary valve site, and 
placmg includes placing the puknonary valve jaosthesis at the native puhnonary valve 
site. 

20 There is further provided, in accordance with an embodiment of the present 

invention, ^aratus including a prosthesis for implantation at a native semilunar valve of 
a native valve complex of a subject, the prosthesis includiiig a support structure, which is 
configured such liiat a correct rotational disposition of the prostihesis with respect to liie 
native semilunar valve can be detennined based on tactile feedback. 

25 There is still fiulher provided, m aocordaiice with an embodiment of the present 

invention, apparatus including a prosthesis for implantation at a native semilunar valve of 
a native valve complex of a subject, the native valve complex having semilunar sinuses 
and native commissures, the prosthesis including: 

a distal fixation member, configured to be positionedin a downstream artery of the . . 

30 subject selected fitmi the group consisting of: an ascending aorta, and a pahaonaiy trunk, 
and sh^p^ so as to define exactly three proximal engagement arms that are configured to 
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be positioned at least partially within respective ones of the semilimar sinuses, and, in 
combination, to apply, to tissue that defines tiie sroiilunar sinuses, a fir^ axial force 
dkected toward a ventricle of the subject; and 

a proximal fixation member coiq)led to the distal fixation member, the proximal 
5 fixation member configured to be positioned at least partially on a ventricular side of the 
native semilunar valve, and td ^ly, to the ventricular side of Uie native valve complejc, a 
second axial force durected toward-fte dawnstream arteiy, such ftat ^plication of Uie fiist 
and second fiwces couples the prosfliesis to the native valve co^^)lex. 

In an embodiment, the native semilunar valve includes a native aortic valve, and 
10 the downstream artery includes the ascending aorta, the semilunar sinuses include 
respective aortic sinuses, and the distal fixation member is configured to be positionfid in 
the ascending aorta, and the proximal engagement arms are configured to be positioned at 
least partially within the respective aortic sinuses. 

In an embodiment, the native semilunar valve includes a native pulmonary valve, 
15 and the downstream artery includes the puhnonaiy trunk, and the semilunar sinuses 
include respective pulmonaiy suiuses, and the distal fixation member is configured to be 
positioned in the puknonaiy trunk, and the proximal engagement aims ate configured to 
be positioned at least partially wilfain the respective pulmonaiy sinuses. 

In an embodunent, the distal and proximal fixation members are configured to 
20 couple the prosthesis to the native valve complex by axially sandwiching the native valve 
complex ftom a downstream side and the ventricular side thereof, upon implantation of 

the prosthesis. 

In an embodimeirt, the distal fixation memba: does not press upon the native 
commissures irpon implantatioai of the prosthesis. 

25 in an embodiment, the prosthesis is configured to apply a radial force of less than 

0,5 pounds outwardly against the native semilunar valve. In an embodimenti the 
prosthesis is configured to ^ly the first axial force with a force of at least 40 g during 
diastole. In an embodiment, tiie prosthesis is configured to apply the second axial force 
with a force of at lea^ 1 g dming systole. 

30 In an embodiment, the prosthesis is configured such that any radial force applied 

by the prosthesis outwardly against the native semilunar valve is insufficient by itself to 
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chronically maintain the prosthesis in position witii respect to liie native valve complex 
under conditions of nonnal cardiac motion. 

In an embodiment, the prosttiesis is configured, upon implantation theateof, to , 
embrace, such as gently embrace, without squeezing, leaflets of the native semilunar 
5 valve. 

In an embodiment, the distal fixation member is configured to be positioned in the 
downstream artery during an implantation procedure before the proximal fibcation member 
is positioned at least partially on the ventricular side of the native valve complex. 

In an embodiment, the distal fixation member is configured such that it does not 
1 0 fold over leaflets of the native semilunar valve upon iaoEpIantation of the prosthesis. In an 
embodiment, the distal fixation member is configured such that it does not push leaflets of 
the native semilunar valve towards semilunar sinus floors of the native valve complex 
upon implantation of the prosthesis. 

In an embodiment, each of the proxinoal engagement aims is shaped so as dsGne at 
15 least one trough that is configured to be positioned at least partially within a respective 
one of the semilunar sinuses. 

In an embodiment, the tiiree engagement arms meet one another at three respective 
junctures, the engagement aims are sh£Q}ed so as define three peak complexes at the three 
respective junctures, and three trough complexes, each of which is between two of the 
20 peak complexes, and upon implantation of the prosthesis, at least a portion of each of the 
peak complexes is disposed distal to and in rotational alignment with a respective one of 
the native commissures, and each of the trough complexes is disposed at least partially 
within the respective one of the semilunar sinuses. 

hi an embodunent, the engagement arms are configured to be positioned, during an 
25 implantation procedure, at least partially within the respective ones of the searailunar 
sinuses before the proximal fixation member is positioned at least partially on the 
ventricular side of the native valve complex, such that the engagement arms prevent 
leaflets of the native valve complex fix>m opening more than a predetermined desired 
amount, the opening bemg because of force applied by the proxunal fixation member to 
•30 tiie leaflets. 

In an embodiment, the proximal fixation member is configured to be positioned at 

least partialy in a ventricle of the subject t^jon implantation of the prosthesis. 
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In an embodiment, the prosthesis is configured to apply tihe jBbrat axial force such 
that a ratio of (a) the first axial force to (b) a radial force applied outwardly by lie 
proslhesis agaiiKttibe native semilunar valve is greater than 1.5:1. 

In an embodiment, flie prosthesis is configured to less than fiiUy open leaflets of 
5 the natiye yalve conq>lex T»yhen Hie prosthesis is implanted at the native semilunar valve 
complex. 

. In an embodiment, the distal fixation member is configured to elevate leaflets of 
file native semilunar valve fiom within the semilunar sinuses upon implantatioE of the 
IHOstiiesis. 

10 In an embodiment, the distal fixation member is oonfigured to apply the first axial 

force to respective roots of one or more leaflets of fee native valve complex. In an 
embodiment, the distal fixation member is configured to apply the first axial force to 
respective transitions between respective semilunar sinus floors and one or more leaflets 
of the native valve complex. 

15 In an embodiment, the prostiiesis is configured to ^ly Ihe first axial force such 

feat the ratio is greater than 3:1, such as greater than 6: 1. 

In an embodimeDit, the prosthesis is configured to apply the second axial force 
such that a ratio of (a) fee second axial force to (b) a radial force applied outwardly by fee 
prosthesis against fee native semilunar valve is greater than 1.5:1, such as greater than 3:1, 
20 e.g., greater than 6:1. 

In an embodiment, the prosthesis includes a prosthetic valve configured to assume 
a closed position during diastole and an open position during systole. In an embodimesnt, 
fee prosfeetic valve iiK^ludes a coU^sible pliant material, . oonfigUFed to assume the open 
and closed positions. ... 

25 In an embodiment, fee distal and proximal fixation members and fee prostiietic 

valve are configured to define a single flow field through fee distal and proximal fixation . 
members and fee prosthetic valve. Alternatively, fee distal and proximal fixation 
members and fee prosfeetic valve are configured to define a plurality of flow fields 
through fee distal and proximal fixation memt^xs and fee prosfeetic valve. 

30 In an embodiment, fee prosfeetic valve includes one or more prosthetic leaflets, ■ 

and fee prostiietic valve is coupled to the prosthesis such that at least 50% of an axial 
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length of the prosthetic l^ets is distal to native valve leaflets of the native semilmiar 
valve upon implaotation of the prosthesis. 

In an embodiment, the distal fixation member is configured to apply the first axial 
force to one or more semilunar sinus floors of the native valve complex. 
5 In an enrfjodiment, Ihe distal fixation member is configured not to apply force to 

leaflets of the native semilunar valve. 

In an embodiment, the proximal fixation member is sh^ed so as to define at least 
one barb configured to apply a barb force to the ventricular side of the native valve 
complex. For some applications, the at least one barb is configured to pierce the 
10 ventricular side of the native valve complex. Alternatively, the at least one barb is 
configured to protrude into tissue of the ventricular side of the native value ccjmplex, 
without piercing the tissue. For some ^plications, the distal fixation member is shaped 
so as to define at least one m i<t iug barb, and the at least one barb of the proximal fixation 
member is configured to engage the at least one mating baib, so as to help hold the 
15 prosthesis in place. 

In an embodiment, &e proximal and distal fixation members are coUapsible. For 
some applications, the distal fixation member is configured to be positioned, during an 
implantation procedure, in the downstream artery while collapsed, and to be expanded 
before the proximal fixation member is positioned at least partially on the ventricular side 
20 of ttie native valve complex. For some applications, the apparatus includes at least one 
tube selected from the groi^ consisting of: an overtube and atrocar, and Iheproxinial and 
distal fixation memb^ are configured to be stored in the selected tube vdiile collapse4 
and to expand veporL being deployed firan the selected tube. 

In an embodiment, the proximal fixation member includes an inner support 
25 structure, and the distal fixation member includes an outer support structure that is placed 
partially over the inner support structure. 

In an embodimerrt, the outer support structure is shaped so as to define exactiy 
three distal diverging strut supports, fi»m which respective ones of the proximal 
eng^ement arms extend radially outward. 
30 In an embodiment, the prosthesis is configured such that, upon implantation at the 

native valve complex, the engagement aims are aligned by rotation with respective ones 
of the semilunar sinuses. 
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Ja an embodiment, the prosthesis is conGgfoed such that, upon implantatioii at the 
native valve conq>lex, the stmt supports are aligned witii respective ones of flie native 
oonunissures. 

In an embodiment, lie prosthesis is configured such that the engagement arms 
5 self-align themselves by rotation dutji^ impj^potation of the prosthesis at the native valve 
complejc A. i, iiu '*"'■ ' , ■■ ' ■ ■' • 

In an embodiment, the inner support structure is shaped so as to define a plurality 
of distal divergiiig mner Struts; ' 

In an ^bodiment, the iiiser support structure is shaped so as to define a bulging 
10 proximal skirt, a proximal porticm of which is configured to ^iply the second axial force. 
In an embodiment, the pros&esis includes a graft cov^g that covers at least a portion of 
the skirt 

Jn an embodimeiri, the inner support structure is shaped so as to define a plurality 
of distal diverging inner struts, and ifae skirt extends fiom the inner struts. 

15 In an embodiment, the outer support structure is shaped so as to define exactly 

three distal diverging strut supports, fi:om -wMch respective ones of the proximal 
engagement arms extend radially outward, and each of the stmt siqiports is positioned 
over a respective one of th6 inner struts. 

In an embodiment, the engagement arms are positioned over a portion of the skirt. 

20 In an embodiment, the prosthesis uichides a valve including a coll^sible pliant 

material, configured to assume a closed position during diastole and an open position 
during systole, and the pliant material includes a plurality of segments, at least two of 
which are coupled together by one of the strut supports and its respective one of 1h.e inuear 
struts. 

25 There is yet further provided, in accordance with an embodiment of the present 

invention, apparatus including a prosthesis for implantation at a native semilunar valve of 
a native valve complex of a subject, the prosthesis including: 

a distal fixation member, configured to be positioned in a downstream artery of the 
- subgect selected from the group consisting of: an ascendmg aorta, and a pulmonary trunk, 
30 and to apply, to tissue tiiat defines one or more semilunar sinuses of the native valve 
complex, a first axial force directed toward a ventricle of the subject; and 
33 
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a proximal fixation member coupled to the distal fixation member, the proximal 
fixation mmber configured to be positioned at least partially on a veaitricular side of the 
native semilunar vahre» and to apply, to the ventricular side of the native valve coinplex, a 
second axial force directed toward the downstream artery, such that application of flie first 
5 and second forces couples the prostiiesis to Hoe native valve comply ' 

In an embodimenl; the native semilunar valve includes a native aortic valve. Hie 
downstream artery includes Hie ascendiiig aorta, the semilunar sinuses include respective 
aortic sinuses, and the distal fixation member is configured to be positioned in the 
ascending aorta, and to apply the first axial force to the tissue that defines the one or more 
10 aortic sinuses. 

In an embodiment, the native semilunar valve includes a native puhnonary valve, 
l3ie downstream artery includes the puhnonary tmnk, the semilunar sinuses include 
respective puhnonaiy sinuses, and the distal fixation member is configured to be 
positioned in the puhnonary trunk, and to apply the first axial force to the tissue that 
1 5 defines the one or more pulmonary sinuses. 

In an embodunent, the distal and proximal fixation members are configured to 
couple the prosfliesis to the native valve complex by axially sandwiching the native valve 
complex fixnn a downstream side and the ventricular side lliereoi^ upon implantation of 
the prosHiesis. 

20 In an embodiment, the distal fixation member does not press upon native valve 

commissures of the native semilunar valve ig>on implantation of the prosthesis. 

In an embodiment, Uie prosthesis is configured to apply a radial force of less than 
0.5 pounds outwanlly against the native semilunar valve, in an embodimeiit, the 
prosthesis is configured to apply the first aodal force with a force of at least 40 g during 
25 diastole. La an oooibodiment, the prosthesis is configured to apply the second axial force 
with a force of at least 1 g during systole. 

Jn an embodiment, the prosthesis is configured such Ibat any radial force applied 
by the prosthesis outwardly against the native semilunar valve is insufficient by itself to 
chronically mantain the prosthesis in position wxlii respect to the native valve complex 
• 30 under conditions of normal cardisu: motion. 
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In an embodiment, ^ piosffass:!^ is conjQgured, upon implantation thesreof, to 
embrace, such as gently embrace, mlhoiit squeezing leafiets of tiie native semilunar 
valve. 

In an embodime{at, the distal fixation member is configured to be positioned in the 
5 downsbrpam att^zy during an implantation procedure before the proximal fixation member 
.^.ppsrtianed gti^astj^ajtiajDy on &e veotricolar side of the native valve complex. 

In an embodimKit, the distal fixation member is configured such that it does not 
fold over leaflets of the native semilunar valve upon in^lantation of the prosthesis. In an 
embodiment, the distal fixation member is configured such that it does not push leaflets of 
10 the native semilunar valve towards semilunar sinus floors of the native valve complex 
iipon implantation of the inosthesis. In an embodiment, the prosthesis is configured to 
less than fiilly open leaflets of the native valve coniplex iwhen the prosthesis is implanted 
at the native valve complex. 

In an emboduneait, tiie distal fixation member is configuied to apply the first axial 
15 force to respective roots of one or more leaflets of the native valve complex. In an 
embodunent, the distal fixation member is configured to apply the fust axial force to 
respective transitions between respective semilunar sinus floors and one or more leaflets 
of the native valve complex.. 

In an embodiment, the proximal fixation msoober is configured to be positioned at 
20 least partially in a ventricle of tiie subject upon in:^lantation of the prosthesis. 

Ill an embodiment, the prosttiesis is configured to apply the first axial force such 
that a ratio of (a) the first axial force to (b) a laxfial force applied outwardly by the 
prosthesis against the native semilunar valve is greater Ifaan 1.5:1, such as greater than 3:1, 
e.g., greater than 6:1. .... 

25 In an embodiment, the prosthesis is configured to apply the second axial force 

such that a ratio of (a) the second axial force to (b) a radial force applied outwardly by the 
prosthesis against the iiativeseniilunar valve is greater than 1.5:1, such as greater than 3:1, 
e.g., greater than 6:1. 

In an embodiment, the prosthesis includes a prosthetic valve configured to assume 
30 a closed position during diastole and an open position duiing systole. In an embodiment,- 
the prosthetic valve includes a collapsible pliant matedal, config^ued to assume the open 
and closed positions. 
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In an embodiment, the distal and proximal fixation members and the prosthetic 
valve are configured to define a single flow field through Hie distal and proximal fixation 
members and the prosthetic valve. Alternatively, the distal and proximal fixation 
members and the prosthetic valve axe configured to define a plurality of flow fields 
5 through the distal and proximal fixation members and the prosthetic valve. 

In an embodiment, the prostiietic valve includes one or more prosthetic leaflets, 
and the piosthetic valve is coiqiled to prosthesis such that at least 50% of an axial 
length of the prosthetic leaflets is distal to native valve leaflets of the native semilunar 
valve upon implantation of the prosthesis. 

10 In an embodiment, the distal fixation member is configured to apply the first axial 

fi)rce to one or more semilunar sinus floors of the native valve complex. 

In an embodiment, the distal fixation member is configured not to apply force to 
leaflets of the native semilunar valve. ■ 

In an embodiment, the distal fixation member is shaped so as to define one or 
15 more proximal engagement arms that are configured to be positioned at least partially 
within respective ones of the semilrniar sinuses, and, in combination, to apply the first 
axial force. 

In an embodiment, the distal fixation member is shaped so as to define exacfly 
I3iree proximal engagement arms. 

20 In an embodiment, each of the proximal engagement arms is shaped so as define at 

least one trough that is configured to be positioned at least partially within a respective 
one of the semilunar sixnises. 

In an embodiment, the three engagement arms meet one anotiier at three respective 
junctures, the engagement arms are shaped so as define three peak complexes at the three 
25 respective junctures, and three trough complexes, each of which is bcftween two of the 
peak complexes, and upon implantation of the prosthesis, at least a portion of each of the 
peaks is disposed distal to and in rotational alignment wifli a respective native 
commissure of the native semilunar valve, and each of the trough complexes is disposed 
at least partially wttiiin tiw respective one of the semilunar sinuses. 

30 In an embodiment, the distal fixation member is shaped so as to. define exactly two . 

proxinoal engagement arms. 
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In an embodiment, the engagraient mm are configured to be positioned, during an 
implantation procedure, at least partially within tbe respective ones of tbe semilunar 
sinuses before the proximal fixation member is positioned at least partially on the 
ventricular side of the native valve complex, such that the engagement aims prevent 
5 l^flets of tibe native valve complex fix>m opening more &an a predetenniaed desiied 
amount, the opening being because of forqe appli«4 by the proximal fixation member, to 
the leaflets. ^ ^ . ... . _ 

In an onbodiment, tise pnmmal fbtation member is shaped 
one barb configured to apply a barb force to tiie ventricular side of the native valve 

10 complex. For some applications, the at least one barb is configured to pierce the 
ventricular side of the native valve complex. Alternatively, the at least one barb is 
configured to protrude into tissue of the venteicular side of liie native value complex, 
without piercing the tissue. For some applications, the distal fixation member is shaped 
so as to define at least one mating barb, and Uie at least one barb of ttie proximal fixation 

15 member is configured to engage the at least one mating barb, so as to help hold the 
prosthesis in place. 

In an embodiment, the proximal and distal fixation members are collapsible. For 
some applications, the distal fixation member is configured to be positioned, during an 
implantation procedure, in the downstream artery viMie collapsed, and to be expanded 
20 before the proximal fixation member is positioned at least partially on the ventricular side 
of the native valve complex. For some applications, the ^paratus includes at least one 
tube selected from the groiip consisting of: an overtube and a trocar, and the proximal and 
distal fixation members are configured to be stored in the selected tube while coU^sed, 
and to expand upon being deployed fiom the selected tube. 

25 In an embodiment, the proximal fixation member includes an inner support 

structure, and the distal fixation member includes an outer support structure that is placed 
partially over the irmer siqiport irtructure. 

In an embodunent, the outer support structure is shaped so as to define a plurality 
of distal diverging strut supports, fiiom which a plurality of proximal engagement arms 
30 extend radially outward- 



37 



wo 2008/035337 



PCT/IL2007/001149 



In an embodiment, the prosthesis is configured such &at, upon implantation at the 
native valve complex, the engagement arms are aligned by rotation with respective ones 
of the semilunar sinuses. 

In an embodiment, the prosthesis is configured such that, upon implantation at the 
5 native valve complex, the strut stqiports are aligned with respective coraraissures of the 
native valve complex. 

In an embodiment, the prosthesis is configured such that the engagement arms 
self-align themselves by rotation during implantation of the prosthesis at the native valve 
complex. 

10 In an embodimeiit, fhs inner support structure is shaped so as to define a plurality 

of distal diverging inner i^ruts. 

In an embodiment, the inner support structure is shaped so as to define a bulging 
proximal skirt, a proximal portion of vidch is configured to apply the second axial force. 
For some applications, the prosthesis includes a graft csovering that covers at least a 
15 portion of the skirt. 

In an embodiment, the inner support structure is shaped so as to define a plurality 
of distal diverging inner struts, and the skirt extends fixjm the inner struts. 

In an embodiment, the outer support structure is sh^ed so as to define a plurality 
of distal diveigii^ stmt supports, from which a plurahty of proximal engagement arms 
20 ffictend radially outward, and each of the strut supports is positioned over a respective one 
of the inner struts. 

In an embodim^ tie engagement arms are positioned over a portion of the skirt. 

In an embodiment, the prosthesis includes a valve including a collapsible pliant 
material, configured to assume a closed position during diastole and an open position 
25 during systole, and the pliant material includes a plurality of segments, at least two of 
vsdrich are coupled together by one of the strut supports and its respective one of the inner . 
struts. 

There is additionally provided, in accordance with an embodiment of Uie present 
invention, qjpaxatus including a prosthesis for implantation at a native semilunar valve of 
30 a native valve complex of a subject, the prosthesis including: 
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a distal fixation member, configured to be positioned in a downstream artery of the 
subject selected fixan the group consisting of: an ascendmg aorta, and a pulmonary trunk, 
and to ^ly, to native connnissures of Ihe native semilunar valve, a first aodal force 
directed tovrard a ventricle of the subject, without applying any force to native leaflets of 
5 tiie native semilunar valve, and the distal fixation member is configured to rotationally 
align with Ihe native semilunar valve; and - , ] 

a pmximal fixation membes* coupled to the distal fixaSou member, ^ 
fixati(m member configured to be positioned at least i^rtially on a ventricular side of the 
native valve complex, and to apply a second axial force directed toward the downstream 
10 artery, such fliat application of the first and second forces coiq)les the prosthesis to the 
native valve complex by axially sandwiching the native valve complex fiom a 
downstream side and &e ventricular side Ihereol^ upon implantati<m of the prosthesis. 

In an embodimenl^ the native semilunar valve includes a native aortic valve, the 
downstream arteiy includes the ascending aorta, and the distal fixation member is 
15 configured to be positioned in the asceiMJing aorta, and to apply the first axial force to the 
native commissures of the native aortic valve. 

In an embodiment, the native semilunar valve includes a native pulmonary valve, 
the downstream artery includes the puhnonaiy liunk, and the distel fixation member is 
configured to be positioned in the pulmbnaiy trunk, and to apply the first '&xM force to liie 
20 native commissures ofthe native pulmonary valve. 

In an embodiment, the distal fixation member is configured to rotationally self- 
align with the native semilunar valve. 

In an embodiment, the distal fixation member includes one or more engagement 
arms that are positioned at least partially within respective semilunar sinuses of the native 
25 valve conq)lgx, upon implantation of the prosthesis. 

In an embodiment, tiie engagement anns are configured to apply respective forces 
to respective floors of the semilunar sinuses^ nprm imptflnfation of thfi prosthesis. - 

la an embodimenti the engageanent arms are configured not to apply any force to 
floors of tiie semilunar sinuses, upon in]|)]antation of the prosthesis. 
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There is still additionally provided, in accordance with an embodiment of the 
present invention, apparatus including a prosthesis for implantation at a native semilimar 
valve of a native valve complex of a subject, the prosliiesis induding: 

a distal fixation member, configured to be positioned in a downstream arteiy of the 
5 subject selected from the groiq) consisting of; an ascemding aorta, and a pulmonary trunk, 
and to apply a first axial force dkected toward a ventricle of the subject; and 

a proximal fixation member coupled to the distal fixation member, ttie proximal 
fixation member configured to be positioned at least partially on a ventricular side of iixe 
native valve complex, and to ^ly a second axial force directed toward the downstream 
10 artery, such that application of the first and second forces couples the prosthesis to the 
native valve complex by axially sandwiching the native valve complex fiom a 
downstream side and fee ventricular side thereof, 

wherein the prosthesis is configured to apply a radial force of less thaai 0.5 pounds 
outwardly against the native secmlunar valve. 

15 In an embodimenit, the native semilunar valve uicludes a native aortic valve, the 

downstream artery includes the ascending aorta, and fee distal fixation member is 
configured to be positioned in fee ascending aorta. 

hi an embodiment, fee native semilunar valve includes a native puhnonaiy valve, 
fee downstream artery includes fee pulmonary trunk, and fee distal jBxatioh inember is 
20 configured to be positioned in the puhnonaiy trunk. 

Ja an embodiment, fee distal fixation member do^ not press upon native valve 
commissures of fee native semilimar valve iq)on implantation of fee prosfeesis. 

In an embodiment, fee prosfeesis is configured to apply fee first axial force such 
feat a ratio of (a) fee first axial force to (b) fee radial force is greater than 1.5:1. In an 
25 embodiment, the prosfeesis is configured to apply the second axial force such feat a ratio 
of (a) fee second axial force to (b) fee radial force is greater than 1.5:1. In an 
embodiment, the prosfeesis is configured to ^ly the first axial force wife a force of at 
least 40 g during diastole, in an embodSmesot, fee prosfeesis is configured to apply the 
second axial force wife a force of at least 1 g during systole. 

In an embodiment, the prosthesis is configured such that any radial force applied 
by fete prostheas outwardly against fee native semilunar valve is insufficient by itself to 
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chronically maintain the prosthesis m position with respect to the native valve complex 
under conditions of normal cardiac motioiL 

In an embodiment, the prosthesis is configured, upon implantation .thereof, to 
embrace, such as gently embrace, without squee2dng, leaflets of the native semilunar 
5 valve, In an eDabodimen^ the distal fixation member is. 

. #ld over leaflets of the native senodli^ In an 

embodunent, the prosthesis is configured to less than fiilly open leaflets of the liative 
valve complex when the prosthesis is hnplanted at the native valve complex. 

In an embodiment, the proximal fixation member is configured to be positioned at 
1 0 least partially in a ventricle of the subject upon implantation of the prosthesis. 

M an raibodunent, the prosthesis includes a valve configured to assume a closed 
position during diastole and an open position during sjrstole. In an embodiment, the valve 
includes a collapsible pliant material.- configured to assume the open and closed positions. 

In an embodiment, the distal and proximal fixation memb^ and the valve are 
15 configured to define a single flow field throu^ the distal and proximal fixation members 
and tiie valve. Alternatively, the distal and proximal fixation members and the valve are 
configured to define a plurality of flow fields throu^ the distal and proximal fixation 
members and the valve. 

In an embodiment, the valve includes one or more prosthetic leaflets, and the valve 
20 is coupled to &e prosthesis such that at least 50% of an axial length of the prosthetic 
leaflets is distal to native valve leaflets of the native semilunar valve upon inqjlantation of 
the prosthesis. 

In an embodiment, the proximal fixation member is shaped so as to define at least 
one barb configured to apply a barb force to the ventricular side of the native valve 

25 complex. For some applications, the at least one barb is configured to pierce the 
ventricular side of the native valve complex. Alternatively, the at least one barb is 
configured to protrude into tissue of the ventricular side of Ifae native valve complex, 
without piercmg the tissue. For some applic^ons, the distal fixation member is shaped 
so as to define at least one mating baib, andtiie at least one baib of the proximal fixation 

30- member is configured to engage the at least one matmg barb, so as to help hold the 
prosthesis in place. 
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In an embodiment, the proximfll and distal fixation members are coll^sible. For 
some applications, the distal fixation member is configured to be positioned, during an 
implantation procedure, in tiie downstream artery while collapsed, and to be expanded 
before the proximal fixation memb^ is positioned at least partially on the ventricular side 
5 of tiie native valve complex. For some Explications, the apparatus includes at least one 
tube selected fiom tihe groi^ consisting of: an overtube and a trocar, and the proximal and 
(fistal fixation members are confi^ired to be stored in the selected tube while collapsed, 
and to expand upon being deployed from the selected tube. 

In an embodiment, the proximal fixation member includes an inner support 
10 structure, and the distal fixation member includes an outer si^jport structure that is pUuced 
partially over the inner support structure. 

la m embodiment, the outer sii|:{)0rt struchire is shaped so as to define a plurality 
of distal diverging strut supports, &om which a pluralily of proximal engagement aims 
extend radially outward. 

15 k an embodiment, the inner support structure is sh^)ed so as to define a plurality 

of distal diveiguig inner sbuts. 

In an embodiment, the iimrar support structure is shaped so as to define a bulging 
proximal skirt, a proximal por^on of whicii is configured to apply the second axial force. 
For some applications, the prosthesis mcludes a graft covering that covers at least a 
20 portion of the skirt. 

In an embodiment, the inner support structure is shaped so as to define a pluralily 
of distal diverging inner struts, and the skirt extends &om the inner stmts. 

In an embodiment, the outer support structure is shaped so as to define a pluralily 
of distal diverging strut supports, fiom which a plurality of proximal engagement arms 
25 extend radially outward, and each of the strut supports is positioned over a respective one 
of the iimer struts. 

In an embodiment, the engagement arms are positioned over a portion of the skirt. 

In an embodiment, the prosthesis includes a valve including a collapsible pliant 
material, configured to assume a closed position during diastole and m open position 
30 during systole, and the pliant material mcludes a pluralily of segments, at least two of 
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which are coupled together by one of iiie strut supports and its respective one of the inner 
struts. 

There .is yet additionally providfid, in accordaiice with an embodiment of the 
present invention, a method for unplantiug a valve prosthesis at a native semilunar valve 
5 of a native valve complex of a subject, the method includmg: 

providing a distal JSxation member of the valve prosthesis coupled to a proximal 
fixation member of the valve prosthesis, whidi distal fixation member is shaped so as to 
define exactly three proxrmal engagement arms; 

positioning the distal fixation member in a downstream arteiy of the subject 
10 selected fix«m the groiqj consisting of: an ascending aorta, and a pulmonary trunli, such 
that the three proximal engagement arms are positioned at least partially within respective 
semilunar sinuses of the native valve complex, and, in combination, apply, to tissue that 
defines the semilunar smuses* a first axial force directed toward a ventricle of the subject; 
and 

1 5 positioning the proximal fixation member at least partially on a ventricular side of 

the native semilunar valve, such that the proximal fixation member applies, to the 
ventricular side of the native valve complejc, a second axial force directed toivard the 
downstream artery, such that ajqilication of the first and second forces couples the 

prosthesis to the native v&lve complex. ^ . 

20 In an embodunent, the native semilunar valve includes a native aortic valve, the 

downstream artery includes the ascending aorta, and positioning Has distal fixation 
member includes positioning the distal fixation member in the ascending aorta. 

In an embodiment, the native semilunar valve includes a native pulmonaiy valve, 
the downstream artery includes the pulmonary trunk, and positionin g the distal fixation 
25 member includes positioning the distal fixation member in the pulmonary trunk. 

In an embodim^^ providing includes coigding the distal fixation member to the 
proximal fixation member before positioning the distal fixation member and before 
positioning the proximal fixation member. 

In an embodimeat, providing includes coupling the distal fixation member to the 

30 ■ proximal fixation member after performing at least one action selected from the group 
consisting of. positioning the distal fixation member, and positioning the proximal 
fixation membear. 
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In an embodiment, tiie distal fixation member and the proximal fixation member 
are fabricated as one integrated structure, and providing the distal fixation member 
coupled to the proximal fixation member includes providing the distal fixation member 
and the proximal fixation member that are fabricated as one integrated structure. 

5 In an embodiment, positioning the distal and proxhnal fixation members includes 

positioning the engagement arms at least partially within flie respective ones of the 
semilunar sinuses before positioning the proximal fixation membea: at least partially on the 
ventricular side of the native valve complex, snch that the engagement arms prevent 
leaflets of the imtive valve complex fiom opening more than a predetennined desired 
10 amount, the opening being because of force ^plied by the proximal fixation member to 
tiie leaflets. 

There is also provided, in accordance wilii an embodiment of tiie present 
invention, a method for implanting a valve prosthesis at a native semilunar valve of a 
native valve complex of a subject, the metiiod including: 
15 providing a distal fixation member of the valve prosthesis coupled to a pioxunai 

fixation member of the valve prosthesis; 

positioning the distal fixation member in a downstream artery of the subject 
selected firom the group consisting of: an ascending aorta, and a pulmonary trunk, such 
tiiat Hhe distal fixation membw applies, to a downstream side of the native valve complex, 
20 a first axid force directed towd a ventncle of the sut^ 

positioning the proximal fixation member at least partially on a ventricular side of 
the native semilunar valve, such that the proximal fixation member applies, to a 
ventricular side of the native semilunar valve, a second axial force directed toward the 
downstream artery, such that application of the first and second forces couples the 
25 prosthesis to the native semilunar valve. 

In an embodiment, the native semilunar valve includes a native aortic valve, the 
downstream artery includes the ascending aorta, and positionii]^ the distal fitxation 
member inchides positioning the distal fixation member in the ascending aorta. 

In an embodiment, the native semilunar valve includes a native pulmonary valve, 
30 the downstream artery includes the puhnonaiy trunk, and posttionii^-iiie distal fixation - 
member includes positioning the distal fixation m^ber in the pulmonary trunk. 
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In an embodiment, providing includes coupling the distal fixation member to Uie 
proximal fixation member before positioning the distal fixation member and before 
positioning liie proximal fixation member. 

In an embodiment, providing includes coupling the distal fixation member to the 
5 proximal fixation member after performing at least one action selected from the group 
consisting of: positioning the distal fixation member, and positioning the proximal 
fixation member. 

hi an embodiment, the distal fixation member and the proximal fixation member 
are febricated as one integrated structure, and providmg the distal fixation member 
10 coupled to the proximal fixation member mcludes providmg the distal fixation member 
and the proximal fixation manber that are fabricated as one integrated structure. 

In an embodiment, positionmg tiie distal and proximal fibcation members includes 
positioning the distal fixation member in the downstream artery before positioning the 
proximal fibcation member at least partially on the ventricular side of the native semilunar 
15 valve. 

hi an embodiment, the prosfliesis includes a prosthetic valve, and positioning the 
distal fixation member includes positionmg the distal fixation mranber such that the valve 
assumes a dosed position during diastole and an open position during systole. 

hi an emboduneat, positioning the distal fibcation member includes positioning the 
20 distal fixation member such that it limits an extent of opening of leaflets of the native 
valve complex. 

In an embodunent positioning the proximal and distal fixation members includes: 
collapsing the proximal and distal fixation members; 

inserting the proximal and distal fixation members, while collapsed, in the 
25 ventricle and the downstream artery, respective!)^ and 

expanding Ihe proximal and distal fixation members in the ventricle and the 
downstream artery, respectively. 

hi an embodiment, positioning the distal fixation member includes positioning the 
distal fixation member in the downstream artery while collapsed, and expaudmg the distal 
30 fixation member before positiomng the proxhnal fixation member at least partially on the 
ventricular side of the native semilunar valve. 
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la an embodiment, inserting the proximal and distal fixation members includes 
storing the proximal and distal fixation memb^s while coUaps^ in at least one tube 
selected fix)m the group consisting of: an overtube and a trocar, and expanding the 
proximal ajnd distal fixation members includes deploying the p^iximal and distal fixation 
5 membera fixtm the selected tube. 

In an embodiment, the native semilunar valve hicludes a native aortic valve, the 
downstream artery includes the ascending aorta, and inserting the proximal iand distal 
fixation members includes insrating the selected tube through an apeac of a heart of the 
subject, and advancing the selected tube lirrou^ the ventricle imtil a distal end of the 
10 selected tube passes the native semilunar valve. 

In an embodiment, the native semilunar valve includes a native aortic valve, the 
downstream artety includes like ascending aoita, and inserting the proximal and distal 
fixation members includes inserting the selected tube using a transaortic approach. 

In an embodiment, the native semilunar valve includes a native puhnonaiy valve, 
15 tiie downstream artery includes the puhnonary trunk, the ventricle includes a right 
ventricle, and inserting the proximal and distal fixation members includes inserting the 
selected tube through a &ee wall of the right ventride, and advancing the selected tube 
tiirough the right ventricle past a ri^ ventricular outflow tract of the heart until a distal 
end of the selected tube passes the native puhnonary valve. 

20 In an embodiment, the proximal fixation member includes an inner supjwrt 

structure, the distal fixation member includes an outer support structure that is placed 
partially over the inner support structure, and positioning the proximal and distal fixation 
members includes positioning the inner and outer si5)port structures, respectively. 

in an embodiment, the outer support structure is shaped so as to define a plurality 

25 of distal divwging strut siqjports, &ota. which a plurality of proximal engagement arms 
extend radially outward, and positioning tiie outer support structure includes rotationally 
aligning the engagement arms wife respective ones of the semilunar sinuses. 

In an mbodiment, positioning the outer support structure includes rotationally 
aligning the strut supports wi& respective commissures of the native valve complex. 

30 In an embodiment, alignmg liie engagement arms and the strut supports includes 

moving the outer support structure in a proximal direction, such that the engagonent arms 

self-align with tiie respective ones of the semilunar sinuses. 
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There is ftirther provided, in accordance with an ernbodiment of the present 
invention, a method for in^lanting a valve prosthesis at a native semilunar valve of a 
native valve complex of a subject, the method including: 

providing a distal fixation member of the valve prosthesis coupled to a proximal 
5 jSxation member of the valve prosthesis; 

positioning tbe distal fixation member in a downstream arteiy of the subject 
selected firom the group consisting of: an ascending aorta, and a pulmonaiy trunk, such 
that the distal fixation member applies, to native commissures of the native semilunar 
valve, a first axial force dorected toward a ventricle of the subject, without applying any 
1 0 force to native leaflets of Ihe native sanilunar valve; 

causing the distal fixation member to rotationaUy align with the native semilunar 
valve by gentiy rotating the valve prostiiesis; and 

positioning tiie proximal fixation member at least partially on a ventricular side of 
the native valve complex, such that the proximal fixation mmber applies a second axial 
15 force directed toward the downstream artery, such that a}q)lication of the first and second 
forces couples the prosthesis to the native valve complex by axially sandwiching the 
native valve complex fiom a downstream side and the ventricular side thereof 

Jn an embodiment, the native semilunar valve includes a native aortic valve, the 
downstream artery includes the ascending aorta, and positioning the distal fixation 
20 mernber includes positioning the distal fixation loeinber in the ascendi^ 

In an embodimmt, the nstrve semilunar valve includes a native pulmonary valve, 
the downstream artery includes tibe pulmonary trunk, and posrtioning the distal fixation 
member includes positioning the distal fixation member in Ifae puhnonaiy trunk 

In an embodiment, causing the distal fixation member to align includes causing the 
25 distal fixation member to rotationally self-align vrith the native semilunar valve. 

in an embodiment, providing includes coupling liie distal fixation membez- to the 
proximal fixation member before positioning the distal fixation member and before 
positioning tiie proximal fixation member. 

In an embodiment, providing inchides coupling the distal fixation member to this 
30 proximal fixation member after perfomiing at least one action selected fiom liie group ■ • 
consisting of: positionmg the distal fixation member, and positioning the proximal 
fixation member. 
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In an embodiment, the distal fixation member and the proximal fixation member 
arc fabricated as one integrated structure, and providing the distal fixation member 
coupled to fee proximal fixation member includes providing the distal fixation member 
and the proximal fixation member that are fabricated as one integrated structure. 

5 There is still farHhex provided, in accordance with an embodiment of the present 

invention, a method for implanting a valve prosthesis at a native semilunar valve of a 
native valve complex of a subject, the method including: 

providing a distal fixation member of the valve prosthesis coupled to a proximal 
fixation member of the valve prosthesis; 
10 positioning the distal fixation member in a downstream artay of the subject 

selected fi:om the group consisting of: an ascending aorta, and a pulmonary trunk, such 
that the distal fixation member applies a first axial fi>rce directed toward a ventricle of the 
subject; and 

positioning the proximal fixation member at least partially on a ventricular side of 
15 the native valve complex, such that the proximal fixation member applies a second axial 
force directed toward the downstream artery, such that application of the first and second 
forces coiq)les the prosthesis to the native valve complex by axially sandwiching the 
native valve complex fiom a downstream side and the veottncular side thereof, and the 
prosthesis applies a radial fince of less than 0.5 pounds outwardly against the native 
20 SCTulunar valve. 

In an embodiment, the native semilunar valve includes a native aortic valve, the 
downstream artery include the ascending aorta, and positioning Ihe distal fbcadon 
member includes positioning the distal fixation member in the ascesiding aorta. 

In an anbodiment, the native semilunar valve includes a native pulmonary valve, 
25 the downstream artray includes the pulmonary trunk, and positioning the distal fixation 
membesr includes positioning the distal fixation mfioiber in the pulmonaiy trunk. 

In an embodimait, providing includes coupling the distal fixation member to the 
proximal fixation member before positioning the distal fixation member and before 
positioning the proximal fixation member. 

• 30 in an embodiment, providing includes coi5>liag the distal fixation member to the 

proximal fixation member after performing at least one action selected fixjm the group 
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consisting of: positioning iiie distal fixation member, and posttioning the proximal 
fixation member. 

Ill an embodiment, the distal fixation member and the proximal fixation member 
are Mricated as one integrated structure, and providing the distal fixation member 
5 coupled to the proximal fixation member includes providing the distal fixation member 
aiul the proximal fixation membor tiiat are &bcicated as one integrated structmie. 

Tbsxe is yet furtiier provided, in accordance with an embodiment of the present 
invention, apparatus including a prosiibiesis for implantation at a native semilunar valve of 
a native valve comply of a subject, the prosthesis including: 
10 a distal fixation member, configured to be positioned in a downstream artery of the 

subject selected fi»m the groi?) consisting of: an ascending aorta, and a pulmonary trunk, 
and to apply a first axial force directed toward a ventricle of the subject; and 

a pioximai fixation member coupled to the distal fixation member, the proximal 
fixation member configured to be positioned at least partially on a ventricular side of the 
15 native valve complex, and to apply a second axial force directed toward the downstream 
art^, such that plication of tiie first and second forces couples the prosthesis to the 
native valve complex by axially sandwching the native valve complex &om a 
downstream side and the ventricular side tbareof, 

Tudierein the prosthesis is configured to apply the first axial force such 13jat a ratio 
20 of (a) tie first axial force to (b) a radial force applied outwardly by the prosthesis against 
the native semilunar valve is greater ibsai 1.5:1. 

In an embodiment, the native semilunar valve includes a native aortic valve, the 
downstream artery includes the ascending aorta, and the distal fixation member is 
configured to be positioned in the ascraiding aoarta. 

25 La an embodiment, the native semilunar valve includes a native pulmonary valve^ 

the downstream artery includes Hie pulmonary trunk, and the distal fixation member is 
coiifigured to be positioned in the pubnonaiy trunk. ..... 

In an embodim^, the prosthesis is configured such that the radial force is less 
tim 0.5 pounds. In an embodimei^ the distal fixation member does not press upon 
30 native valve commissures of the natiw semilunar valve upon implantation of the 
prosthesis. In an embodiment, the prosthesis is configured to apply the first axial force 
with a force of at least 40 g during diastole. 
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In an embodiment, the prosthesis is configured such that any radial force applied 
by the prosthesis outwardly against tiie native semilunar valve is insufficient by itself to 
chronically maintain the prosthesis in position with respect to the native valve complex 
under conditions of normal cardiac motion. 
5 in an embodiment, the prosthesis is configured, upon implantation thereof, to 

emhrace, such as gently embrace, without squeezing, leaflets of the native semilunar 
valve. 

In an embodiment, &e distal fixation member is configured such ttiat it does not 
fold over leaflets of the native semilunar valve upon implantation of the prosthesis. In an 
10 embodiment, the prosfliesis is configured to less than fiilly open leaflets of the native 
valve complex when the prosthesis is implanted at the native valve coniplex. 

In an embodiment, the proximal fixation membar is configured to be positioned at 
least partially in a ventricle of the subject upon implantatioii of the prosthesis. 

In an edibodiment, fbs prosthesis is configured to apply the first axial force such 
15 thatliie ratio is greater than 3:1, such as greater &an 6:1. 

Li an embodiment. Hie prosthesis includes a valve configured to assume a closed 
position during diastole and an open position during systole. 

Li an embodiment, the valve includes a collapsible pliant material, configured to 
assume the open and dosed positions. 
20 In an embodiment, the distal and proximal fixation members and the valve are 

configured to define a single flow field through the distal and proximal fixation members 
and the valve. 

In an embodiment, the distal and proximal fixation members and the valve are 
configured to define a plurality of flow fields throi^ the distal and proximal fixation 
25 members and the valve. 

In an embodiment, the valve includes one or more prosthetic leaflets, and the valve 
is coupled to the prosthesis such that at least 50% of an axial length of the prosthetic 
leaflets is distal to native valve leaflets of the native semilunar valve upon implantation of 
the prosthesis. 

30 In an embodiment, the proximal fixation member is shaped so as to define at least 

one barb configuml to apply a barb force to the ventricular side of the native valve 
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complex. For some applications, the at least one barb is configured to pierce Hie 
ventricular side of the native valve compleK. Alternatively, the at least one barb is 
configured to protrude into tissue of the ventricular side of the native valve complex, 
wilJiout piercing the tissue. For some j^iplications, the distal fixation member is shaped 
5 so as to define at least one mating barb, and the at least one barb of the proxin:^ jSxation 
member is configured to engage tibe at least one mating barb, so as to help hold the 
prosthesis in place. 

In an embodimrat, the proximal and distal fixation members are collapsible. For 
some applications, the distal fixation member is configured to be positioned, during an 
10 implantation procedure, in the downstream arteiy while collapsed, and to be expanded 
before the proximal fixation member is positioned at least partially on the ventricular side 
of the native valve compleK. For some plications, the ^paratus includes at least one 
tube selected £com the groiq) consisting of: an overtube and a trocar, and the proximal and 
distal fixation members are configured to be stored in the selected tube while collapsed, 
15 and to expand upon being deployed fix}m die selected tube. 

In an embodiment, the proximal fixation member indndes an inner support 
structure, and the distal fixation member includes an outer support structure that is placed 
partially over the inner support structure. 

In an onbodiment, the outer support structure is sh^d so as to define a plurality 
20 of distal divergmg strut siqi^rts, fitom which a plurality of proximal engagement arms 
extend radially outward. 

In an embodiment, the inner si^ort structure is shaped so as to define a plurality 
of distal diverging inner struts. 

In an embodiment, the inner support structure is sihaped so as to define a bulging 
25 proximal skirt, a proxnnal portion of which is configured to apply the second axial force. 
For some applications, the prosthesis includes a graft covering that covers at least a 
portion of the ddrt 

Iq an embodiment, the inner si5)port structure is shaped so as to define a plurality 
of distal divergmg inn^ struts, and the sidrt extends fi:om the inrter struts. 
30 In an embodiment, the outer support structure is shaped so as to define a plurality 

of distal diverging strut supports, fi»m which a plurality of proxunal engagement arms 
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extend radially outward, and each of Ihe strut supports is positioned ovesr a respective one 
of the imier struts. 

In an embodiment, the engagement arms are positioned over a portion of the skirt. . 

In an embodiment, the prostiiesis includes a valve including a collapsible pliant 
5 material, configured to assume a closed position during diastole and an open position 
during systole, and the pliant material includes a plurality of segments, at least two of 
^ch are ooii$>led together by one of the strut supports and its respective one of the inner 
struts. 

Hiere is additionally provided^ in accordance with an embodiment of the pr^ent 
10 invention, s^jpaiatus including a prosthesis for implantaiion at a native semilunar valve of 
a native valve complex of a subject, the posliiesis including: 

a distal fixation member, configured to be positioned in a downstream artery of the 
subject selected fit>m 0^ groi^ consisting cf: an ascesiding aorta, and a pulmonary trunk, 
and to apply a first axial force dii^cted towd a vetiMcle of the sul:)j^^ 
15 a proximal fixation member coupled to the distal fixation member, the proximal 

fixation member configured to be positioned at least partially on a ventricular side of tiie 
native valve complex, and to apply a second axial force directed toward the downstream 
artery, such that applic^^n pf the finrt aid secoiid forces couples the prosthesis to the 
native valve complex by axially sandwidiing the native valve ooniplex fixmi a 
■ 20 downstream side and the ventncular side thereof, 

'Vi^erein the prosdiesis is oonfigared such that any radial force applied by the 
prosthesis outwardly against the native semilunar valve is insufficient by itself to. 
diromcally maintain the prosthesis in position with reject to the native valve complex 
under conditions of normal cardiac motion. 

25 In an embodiment, the native semilunar valve includes a native aortic valve, the 

downstream artery inclines the asc^ding aorta, and the distal fixation member is 
configured to be positioned in the ascending aorta. 

In an embodimrait, the native semilunar valve includes a native pulmonary valve, 
the downstream artery includes the puhnonaiy trunk, and the distal fixation member is 
30 configured to be positioned in the pulmonary trunk. 

In an embodunent, the prosthesis is configured to ^ly the jSrst axial force such 

that a ratio of (a) the first axial force to (b) the radial force is greater than 1.5:1. Bi an 
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embodiment, the prosthesis is configured to appfy the second axial foice such that a ratio 
of (a) the second axial force to (b) the radial force is ^ater than 1.5:1. In an 
embodiment, 1iiei>rostliesis is configured such tiiat the radial force is less lhan 0.5 pounds. 
In an embodiment, the distal fixation member does not press Xipon native valve 
5 commissures of the native semilunar valve i^Km implantation of the prosthesis. 

In an anbodiment, the prosdiesis is configured to apply the first axial force ^th a 
force of at least 40 g during diastole. In an embodiment, Ihe prosthesis is configured to 
apply the second axial force with a force of at least 1 g during systole. 

In an embodiment, the prosthesis is configured, upon implanlation thereof, to 
10 embrace, such as geaitly embrace, without squeezing, leaflets of the native, setnilunar 
valve. In an embodiment, Ifae distal fixation member is configured such that it does not 
fold over leaflets of the native semilunar valve upon implantation of the prosthesis. In an 
embodiment, the prosthesis is configured to less tiian fiiUy open leaflets of tiie native 
valve consplex iwhen the prosthesis is implanted at the native valve com 

15 In an embodiment, the prosthesis includes a valve configured to a^ume a closed 

position during diastole and an oprai position during sjfstole. In an embodiment, the valve 
includes a collapsible pliant material, configured to assume the open and closed positions. 

In an embodiment, the distal and proximal fixation members and the valve are 
configured to define a single fiow field through the distal and proximal fixation members 
20 and the valve. For some applications, the distal and proximal fixation members and the 
valve are configured to define a phirality of flow fields through the distal and proximal 
fixation members and the valve. 

In an embodiment, tihie valve includes one or more prosthetic leaflets, and the valve 
is coupled to the prosthesis such that at least 50% of an axial length of the prosthetic 
25 leaflets is distal to native valve leaflets of the nadve semilunar valve iq)on implantation of 

the prosthesis. 

There is also provided, in accordance with an embodiment of the present 
invention, a method for hnplanting a valve prosthesis at a native semihinar valve of a 
native valve complex of a subject, the method including: 
30 providing a distal fixation member of the valve prosthesis coupled to a ptoxknal 

fixation member of the valve prosthesis; 
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positiomag the distal jSxation jnember in a downstream artery of the subject 
selected j&om the group consisting of: an ascending aorta, and a puhnonaty trunk, such 
that the distal fixation member applies a first axial force directed toward a ventricle of the 
subject, such that a ratio of (a) the first axial force to (b) a radial force applied outwardly 
5 file prosthesis against the native semiiimar valve is greats lhan 1.5:1; 

positioning the proximal fixation member at least partially on a ventricular side of 
the native valve complex, such that the proximal fixation member applies a second axial 
force directed toward the downstream artery, and application of the first and second forces 
couples the prosthesis to the native valve complex by axially sandwiching the native valve 
1 0 complex fiom a downstream side and the ventricular side thereof. 

In an embodhnent, tiae native semilunar valve includes a native aortic valve, the 
downstream artery includes the ascemding aorta, and positiomng the distal fixation 
member includes positioning the distal fixation member in the ascending aorta. 

in an emboduncnl, the native semilunar valve mcludes a native puhnonary valve, 
15 the downstream arteiy includes the puhnonaiy trunk, and positioning the distal fixation 
member includes positioning the distal fixation member in the puhnonaiy trunk. 

In an embodiment, providiag mcludes coupling the distal fixation member to the 
proxunal fixation member before positioning the distal fixation member and before 
positionii^ the proximal fifcxation member. 

20 In an embodiment, providing includes coupling the distal fixation member to the 

proximal fixation member afiier performing at least one action selected fixtm the group 
consisting o£ positioning the distal fixation member, and positiomng Ihe proximal . 
fixation member. 

Jn an embodiment, the distal fixation member and the proximal fixation m^nber 
25 are &ifaricated as one integrated stmcturei, and providing the distal fixation member 
coiipled to ifae proximal fixation member includes providing the distal fixation member 
and the proximal fixation member that are &hricated as one mtegrated structure. 

There is still additionally provided, in accordance with an embodiment of the 
present invention, a metiiod for implanting a valve prostfiesis at a native semilunar valve 
30 ofa native valve complex ofa subject, the method uicluding: . .. 

providing a distal fixation member of the valve prosthesis coupled to a proximal 
fixation member of the valve prosthesis; 
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positioning the distal fixation member in a downstream arteiy of the subject 
selected fiiom the group consisting of: an ascending aorta, and a pidmonaiy trunk, such 
that the distal fixation member applies a first axial force directed toward a ventricle of the 
subject; and 

5 positioning tiie proximal fixation member at least partially on a ventricular side of 

the native valve complex, such that the proximal fixation member applies a second axial 
force directed toward flie downstream arteiy, and application of the 5rst and second forces 
couples the prosthesis to the native valve ooiaq)lex by axially sandwiching fbs native valve 
complex from a downstream side aiKi the ventricular side thereo:^ 
1 0 wherein positioning the distal and proxanal fixation members indndes positioning 

the distal and proximal fixation members such that any radial force ^lied by the 
prosthesis outwardly against the native semilunar valve is insufficieot by itself to 
chronically maintain the prosthesis in position with respect to the native valve complex 
under conditions of normal cardiac motion. 

15 In an embodiment, the native semilunar valve includes a native aortic valve, the 

downstream artery includes the ascending aorta, and positioning the distal fixation 
memba- includes positioning the distal fixation member m the ascending aorta. 

In an embodiment, the native semilunar valve includes a native pulmonary valve^ 
the downsti:eam artery includes tiie puhnonaiy trunk, and positioning the distal fixation 
20 meniberiiududes positioning the distal fixation member in the puhnonaiy trunk. 

In an embodiment, providing includes ooiq>ling the distal fixation member to the 
proxmial fixation memba befiwe positioning the distal fixation member and before 
positioning the proximal fixation member. 

In an embodunent, providing includes coupling the distal fixation member to the 
25 proximal fixation member after performmg at least one action selected from tiie group 
consisting of: positioning the distal fixation member, and positioning the proximal 
fixation member. 

In an embodiment, the distal fixation member and the proximal fixation member 
which are fabricated as one hitegrated stnicture, and providmg the dislal fixation mwnbcar 
30 coupled to the proximal fixation membo: mcludes providing the distal fixation member ■ 
and tiie proximal fixation member that are toicated as one integrated shucture. 
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There is yet additionally provided, in accordance with an embodiment of the 
present invention, apparatus including a prosthesis for implantation at a native semilnnar 
valve of a native valve complex of a subject, the prosthesis including: 

a distal fixation member, configured to be positioned in a downstream arteay of the 
5 subject isdected fiom the group consisting of: an ascending aorta, and a pulmonary tiunk, 
and to ^ly a first axial force directed toward a ventricle of the subject; and 

a proximal fixation member coiipled to the distal fixation member, the proximal 
fixation member configured to be positioned at least partially on a ventricular side of the 
native valve con^>lex, and to apply a second axial force directed toward the downstream 
10 artery, such tiiat application of the first and second forces couples the prosthesis to the 
native valve complex by axially sandwiching the native valve complex from a 
downstream side and the ventricular side thereof, 

wherein Ihe prosthesis is configured, upon implantation liiereoj^ to embrace, 
without squeezing, leaflets of the native semilunar valve, 

15 In an embodiment, prosthesis is configured, i^n implantation thereof, to 

gentiy embrace, without squeezing, the leaflets of the native semilunar valve. 

In an embodiment, the native semilunar valve includes a native aortic valve, the 
downstream artery includes the ascending aorta, and the distal fixation member is 
configured to be positioned in the ascending aorta. 

20 In an embodiment, the native semilunar valve includes a native puhnonary valve, 

the downstream artery includes the pulmonary trunk, and the distal fixation member is 
configured to be positioned in the puhnonary trunk. 

In an embodiment, the prosthesis is configured such that any radial force applied 
by the prosthesis outwardly against the native semilunar valve is insufficient by itself to 
25 chronically maintain the prosthesis in position wifli respect to the native valve complex 
under conditions of nonnal cardiac motion. 

In an embodiment, the prosthesis is configured to apply the first axial force such 
tiiat a ratio of (a) the first axial force to (b) a radial fcorce applied outwardly by the 
prosthesis against the native semilunar valve is greats: than 1.5:1. In an embodiment, the 
30 prosthesis is configured to apply the second axial force such that a ratio of (a) the second - 
axial force to (b) a radial force applied outwardly by the prosthesis against the native 
semilunar valve is greater than 1.5:1. 
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Iq an embodiment, the prosthesis is coofiguied to apply a xadial force of less ihm 
0.5 pounds otitwaidly against the native semilunar valve. 

In an embodiment, the distal fixation mmber does not press upon native valve . 
commissures of Idas native semilunar valve J^^oa implantation of Hie proslihesis. 

5 . In an embodiment, the |nx)5thesis is configured to £^Iy the first axial force with a 
force of at least 40 g during diastole. In an emixktiment, the prosthesis is configuied to 

apply the second axial force with a force of at least 1 g during systole. 

In an embodiment, tie prosthesis is configured such that any radial force applied 
by the prosthesis outwardly against the native semilunar valve is msufSdent by itself to 
10 chronically maintain the prosthesis m position with respect to the native valve complex 
under conditions of normal cardiac motion. 

In an embodiment, the distal fixation member is configured such that it does not 
fold over leaflets of the native semilunar valve upon implantation of the prosthesis. In an 
embodiment, the prosthesis is configured to less than fully open leaflets of the native 
1 5 valve complex when the prosthesis is implanted at the native valve complex. 

In an embodiment, the prosthesis includes a valve configured to assume a closed 
position during diastole and an open position during systole. In an embodimenl^ the valve 
includes a collapsible pliant material, configured to assume the open and closed positions. 

In an embodiment, the distal and proximal fixation members and the valve are 
20 configured to define a single flow field Ihrou^ the distal and proximal fixation members 
and the valve. Alternatively, the distal and proxunal fixation members and the valve are 
configured to define a plurality of flow fields througji the distal and proximal fixation 

members and the valve. 

In an embodimenS, the valve mcludes one or more prosthetic leaflets, and the valve 
25 is coupled to the prosthesis such that at least 50% of an axial length of the piosihetic 
leaflets is distal to native valve leaflets of the native semilunar valve upon implantation of 
theproslhesis. 

Ihere is also provided, in accordance with an embodhneaot of the preseait 
. invention, apjparatus including a valve prosthesis for implantation at a native semilunar 
30 valve of a subject, the prosttiesis mcluding: 



57 



wo 2«0«/»35337 



PCT/IL2007/001149 



one or more distal fixation members, wfaich are configured to be coupled without 
subcing to the native semiluiiar valve such that the members prevent opening of native 
leaflets of the native semihuiar valve to ih&i maxiimiTn diamietea:; and 

a pliant material coined to at least one of the distal fixation members, the pliant 
5 material having a closed position and an open position. 

In an embodiment, the native semilunar valve includes a native aortic valve, and 
the one or more distal fixation maabCTs are configured to be coupled with suturing to the 
native aortic valve. In an embodiment, Ibe native semilunar valve includes a native 
pulmonary valve* and the one or more distal fixation members are configured to be 
10 coupled with suturing to the native puhnonaiy valve. 

In an embodiment, the one or more distal fixation members are configured to 
define a maximum extent of opening of the native leaflets. 

In an embodiment, the one or more distal fixation members include at least two 
distal fixation members, and the at least two distal fixation members are configured such 
15 that iqjon implantation of the prosthesis, at least a portion of liie native leaflets is 
positioned between the at least two distal fixation members. 

There is fiirther provided, in accordance with an embodiment of the present 
invention, a method for im planting a valve prosthesis at a native semilunar valve of a 
native valve complex of a subject, the method including: 
20 providing a distal fixation member of the valve prosthesis coupled to a proximal 

fixation member of the valve prosdi^s; 

positioning the distal fixation member in a downstream artery of the subject 
selected from the group consisting of: an ascending aorta, and a pulmonary trunk, such 
that the distal fixation member applies a first axial force directed toward a ventricle of the 
25 sutgecUand 

positioning the proximal fixation member at least partially on a veatiicular side of 

the native valve complex, such that the proximal fixation member applies a second axial 

force directed toward the downstream artery, and ^plication of the first and second forces 

couples the prosthesis to the native valv^^sjaplexibyjaxially sandTOching liie native valve 
III ■"'^'w>||yflittii|h^^^ " ^ ' 
30 camples &om a downstream side aiS^aS^fflator side thereof 
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whCTein positioning the distal and proxinial fixation members includes positioning 
the distal and pcoximal fixation members such that the valve prosthesis embraces, 'without 
squeezing, leaflets of the native semilunar valve. 

In an embodiment, the native semilunar valve include a native aortic valve, the 
5 dovmstream artery includes the ascending aorta, and positionii^ ihe distal fixation 
- member includes positioning the distal fbcation member in liie ascending aorta. In an 
embodiment, the native s« TnTl'T"«'' valve includes a native pulmonaiy valve, the 
downstream artery includes the puhnonaiy trunk, and positioning the distal fixation 
member includes positioning tibie distal fixation member in ihe pulmonary trunk. 

10 In an embodiment, positioning Ihe distal and proximal £Kation members includes 

positioning the distal and proximal fbcation members such Ifaat the valve prosthesis gentiy 
embraces, wi&out squeezing, the leaflets of the native semilunar valve. 

Tbece is still furiher provided, in accordance with an embodiment of llie present 
invention, a method for implanting a valve prosthesis at a native semilunar valve of a 
1 5 subject, tiie method including: 

positioning one or more distal fixation members of the valve pros&esis in a 
vicinity of the native semilunar valve, and a pliant material coupled to at least one of the 
distal fixation members has a closed portion and an open position; and 

without suturing, coupling the one or more distal fbcation members to the native 
20 s^lunar valve such that the distal fixation members prevent opening of native leaflets of 
tiie native semilunar valve to their maximum diameta:. 

In an embodiment, the native semilunar valve includes a native aortic valve, and 
positioning includes positioning the one or more distal fixation members in iiie vicinity of 
the native aortic valve, 

25 In an embodiment, the native semilunar valve includes a native pulmonary valve, 

and positioning includes positioning 1^ one or more distal fixation memb^ in the 
vicinity of Ihe native pulmonary valve. 

In an embodiment, positioning the one or more distal fixation members includes 
positioning the one or more distal fixation members to define a maximum ^tent of 
30 openfaigoftiie native leaflets. .... 
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In an embodiment, iiie one or more distol fixation members include at least two 
distal fixation members, and positioning includes positioflQing tiie at least two distal 
jBxation members such that at least a portion of the native leaftete are positioned between 
the at least two distal fixation members. 

5 There is fiirflier provided, in accordance wilii an embodiment of the present 

invoation, appar^s includiog a prosthesis ibr implantation at a stenosed native aortic 
valve of a 3iative valve complcac of a subject, the prosthesis including: 

a distal fixation member, configured to be positioned in an ascending aorta of the 
subject, and to apply, to an aortic side of the native valve complex, a first axial force 
1 0 directed toward a left ventricle of tha subject and 

a proximal fixation member coupled to the distal fixation member, the proximal 
fixation member configured to be positionfid at least partially on a left-ventricular side of 
the native aortic valve, and to apply, to a left-ventricular side of the aortic annulus, a 
second axial force directed toward fee ascaiding aorta, such that applicadcn of the first 
15 and second forces coiq)les the prosthesis to the native valve complex. 

In an embodim^t, the distal fixation member is configured to be positioned in llie 
ascending aorta during an inq>lantation procedure before fee proximal fixation member is 
positioned at least partially on the left-ventricular side of the native aortic valve. 

In an embodiment, the distal fixation manber is configured such that it does not 
20 crimp, fold, or con^ss leafiets of the native aortic valve upon implantatioiL of fee 
prosfeesis. 

In an embodiment, fee distal fixation member is configured such feat it does not 
push leaflets of fee native aortic valve towards aortic sinus floors of fee native valve 
complex upon implantation of the prosfeesis. 

25 In an embodiment, fee prosfeesis includes a valve configured to assume a closed 

position during diastole and an open position during systole. 

In an embodimeid* the valve includes a collapsible pliant material, configured to 
assume fee open and closed positions. 

hi an embodiment, fee distal and. pioxinial fixation members and fee valve are 
30 configured to define a smgle flow field ferou^ fee distal and proxunal fixation members 
and the valve. 
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In an embodimeni, the distal and proximal fixation members and titie valve are 
configured to define a plurality of flow fields through the distal and proximal fixation 
members and the valve. 

In an embodiment, the prosthesis is configured to not fiilly open leaflets of the 
5 native valve complex v/bm the prosfliesis is inq)lantied at the native aortic valve complex. 

-In an embodiment, th« distal fixation member is configured to be positioned 
widiin one or more aortic sinuses of the native valve complcK u^kmi implantation of the 
prosthesis. 

In an embodunent, the distal fixation memba: is configured to elevate leaflets of 
10 the native aortic valve firam whfain the one or more aoitic sinuses upon implantation of the 
prosthesis. 

In an embodunent, the distal fixation memba is configured to aj^ly the first axial 
force to respective roots of one or more leaflets of the native valve complex. 

In an embodiment, ttie distal fixation meanber is configured to £^ly the first axial 
15 force to respective transitions between respective aortic sums floors and one or more 
leaflets of the native valve complex. 

In an embodiment, the distal fixation member is configured to apply flie first axial 
fijrce to one or more aortic sitius floors of the native valve complex. 

M an embodiment, the distal fixation member is shaped so as to define one or 
20 more proximal engagement arms that are configured to be positioned wilimi respective 
ones of the aortic sinuses, and, in combination, to apply the first axial force. 

In an embodiment, the arms are configured to be positioned, ■ during an 
implantation procedure, withm flie respective ones of the aortic sinuses before the 
proximal fixation member is positioned at least partially on the lefi;-ventricular side of the 
25 native aortic valve, such that the aims prevent leaflets of the native valve oonq>lex fiom 
opening more than a predetennined desired amount because of force applied by the 
proxhnal fixation member to the leaflets. 

in an embodiment, the proximal fixafion member is configured to be positioned at 
least partially in a lefl: ventricle of iiie subject upon implantation of the prosthesis. 

30 an embodunent the proximal fixation member is shaped so as to define at least 

one barb configured to apply a barb force to the lefl:-ventricular side of the aortic aramlus. 
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In an embodiinent, the at least one barb is configured to pierce fhs lefi-ventricular 
side of the aoitic annulus. 

In an embodiment, liie at least one barb is configured to protrude into tissue of the . 
left-ventricular side of the aortic annulus, vrithout piercing the tissue. 
5 In an embodiment, flie distal fixation member is sh^ed so as to define at least one 

mating barb, and ihs at least one barb of the proximal fixation member is configured to 
engage the at least one mating barb, so as to help hold Uie prosthesis in place. 

In an embodiment, the proxunal and distal fixation members are collapsible. 

hi an embodiment, the distal fixation member is configured to be positioned, 
10 during an implantation procedure, in the ascending aoita wMle collapsed, and to be 
expEmded before the proximal fixation member is positioned at least partially on the left- 
ventricular side of the native aortic valve. 

hi an embodiment, the apparatus includes at least one tube selected fiom the ffx>up 
consisting of: an overtube and a trocar, and the proxinial and distal fixation members are 
15 configured to be stored in the selected tube while collapsed, and to expand upon bemg 
deployed fiom the selected tube. 

In an embodiment, the proximal fixation member includes an inner support 
structure, and the distal fixation member includes an outer support structure that is placed 
partially ov^ the inn» support struct^. 
20 In an embodiment, the outer support structure is shaped so as to define a phirality 

of distal diverging stmt si^jports, fiom which a plurality of proximal engagement aims 
extend radially outward. 

In an embodiment, the prosthesis is configured such that, upon implantation at the 
native valve complex, the engagement arms are aligned by rotation with respective ones 
25 of aortic sinuses of the native valve complex. 

In an embodanent, the prosthesis is configured such that, upon implantation at the 
native valve complex, the strut supports are aligned with respective commissures of the 
native valve complex. 

In an embodiment, the prosthesis is configured such that the engagement arms 
30 self-align themselves by rotation during implantation of the prosttiesis at the native valve 
conqjlex. 
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In m embodiment, the inner sispport structure is shaped so as to define a plurality 
of distal diverging inner stmts. 

In an embodiment, tibe ini^ sapport structure is shaped so as to define a bulging 
proximal skirt, a proximal portion of vrfiich is configured to qjply Ihe second axial force. 

5 In an embodiment, the pioslliBsis includes a graS: covering that covets at least a 

portion of the skirt 

In an embodiment, the iniii^ sispport structure is shaped so as to define a plurality 
of distal diverging inner struts, and the skirt extends fi:om1iie inner struts. 

In an embodimsit, die outer support structure is shaped so as to define a plurality 
10 of distal diverging strut supports, from vviiich a plurality of proximal engagement arms 
extend radially outward, and each of the strut si^ports is positioned over a respective one 
ofthe inner struts. 

In an embodiment, the engagement arms are positioned ov«r a portion of the sMrL 

In an embodiment, the membrane indtides a plurality of segments, at least two of 
15 \f4iich are coupled toge&er by one of the strut supports and its respective one of the inner 

struts. 

There is further provided, in accordance with an embodiment of the invention, 
^aratus including a valve prosOiesis for implantation at a stenosed native aortic valve of 
a subject, the prosthesis including: 
20 one or more fixation members, which are configured to be coupled 

without suturing to the native aortic valve such tiiat the members do not 
open native leaflets of the native aortic valve to Iheir maximum diameter; 
and 

a membrane coupled to at least one of the fixation members, the 
25 membrane having a closed position and an open position. 

There is still furtfaor provided, in accordance with an embodiment of the invention, 
a method for treating a stenosed native aortic valve of a native valve complex of a subject, 
the method including: 

positioning a distal fixation member of a valve prosthesis in an ascending aorta of 
30 the subject, such that the distal fixation member applies, to an aortic side of the native 
valve complex, a first axial force directed toward a left ventricle of the subject; and 
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positioning a proximal fixation member of the prosthesis at least partially on a 
left-ventricular side of the native aortic valve, such that the proximal fixation member 
applies, to a left-ventricular side of the aortic annnlus, a second axial force directed 
toward: Hie ascending aorta, such that application of Hie first and second forces couples the 
5 pios&esis to tiie native valve. 

In an emlxxiiment, positioning the distal and proximal fixation membeis includes 
positioning the distal fixation member in the ascending aorta before positioning the 
proximal fixation member at least partially on the left-voilxicular side of lite native aortic 
valve. 

10 In an embodiment, positioning the distal fixation member includes positioning the 

distal fixation member such that it does not crimp, fold, or comnress leaflets of the native 
aortic valve. 

In an embodiment, positionii^ the distal fixation member includes positiaxdng the 
distal fixation member such that it does not pmh leaflets of the native aortic valve towards 
15 aortic sinus fioorsofthe native valve complex. 

In an embodiment, the prosthesis includes a valve, and positioning the distal 
fixation member includes positioning tiie distal fixation member such that the valve 
assumes a closed position during diastole and an open position during systole. 

hi an embodttnent, the valve includes a collapsible pliant material, and positioning 
20 the distal fixation member includes positioning the distal fixation member such that the 
pliant material assumes the open and closed positions. 

In an embodiment, positioniog the distal and proximal fixation members and the 
valve includes positioning the distal and proximal fixation members and Ihe valve such 
that the distal and proximal fixation members and the valve define a single flow field 
25 through the distal and proximal fixation members and the valve. 

In an embodiment, positioning Ihe distal and proximal fixation members and the 
valve includes positioning the distal and proximal fixation members and the valve such 
that l3as distal and proximal fixation members and the valve define a pliD:aHty of flow 
fields through tiie distal and proximal fixation members and the valve. 



64 



WO2008/03S337 



PCTflL2007/l)O1149 



In an embodiment, positioning Hie distal fixation member includes positioning liie 
distal fixation member such that it does not fully open leaflets of the native valve 
con:5)lex. 

La an embodiment, positioning the distal fixation member includes positioning the 
5 distal fixation memb^ 'within one or more aodic sinuses of tiie native valve complex. 

In an embodiment, positioning tbe distal fixation member includes positioning the 
distal fixation membear such that it elevates leaflets of the native aortic valve &om within 
the one or more aortic simises. 

In an embodiment, positioning the distal fixation member includes positioning the 
1 0 distal fixation member such that the distal fixation membea: applies the first axial force to 
respective roots of one or more leaflets of the native valve complex. 

In an embodiment, positioning the distal fixation member includes positioning the 
distal fixation member such that the distal fixation member applies the first axial force to 
respective transitions between respective aortic sinus floors and one or more leaflets of the 

15 native valve complex. 

In an mbodiment, positioning the distal fixation member includes positioning the 
distal fixation member such tbst the distal fixation member applies the firat axial force to 
one or more aortic sinus floors of the native valve complex. 

in an embodiment, the distal fixation member is shaped so as to define one or 
more proximal engagement arms, and positioning the distal fixation member includes 
positioning the engag^uent aims wi&in respective ones of the aortic sinuses, such tiiat the 
engagement arms apply the first axial force. 

In an embodiment, positioning the arms includes positioning the arms before 
positioning the proximal fixation member, such that the arms prevent leaflets of the native 
valve complex fiom opening more than a predetennined desired amount because of force 
aj^lied by the proximal fixation member to the leaflets. 

M an embodiment, positioning the proximal fixation member includes positioning 
the proximal fixation member at least partially in a left ventdde of the subject 

In an embodiment, the proximal fixation mamber is shaped so as -to define at least 
one barb, and positioning the proximal fixation member includes positioning the proximal 
fixation member ^plies a barb force to the lefl:-ventricular side of tiie aortic ammlus. 
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In an embodiinent, positioning the proximal jBxation member includes positioning 
the proximal fixation meanber such that flie at least one barb pierces the lefi-vaatricular 
side of tiie aortic ammlus. 

Li an embodiment, positioning tiie proximal fixation member includes positioning 
5 the pn)ximal fixation member such that 1i»e at least one barb protnides int^ 
left-ventricular side of the aortic annulus, without piercing the tissue. 

In an embodimexd; the distal fixation member is shaped so as to define at least one 
mating baib, and positioning the proximal and distal fixation members includes engaging 
the at least one barb by the at least one mating barb, so as to help hold the prosifaesis in 
10 place. 

In an anbodiment, positioning the proximal and distal fixation members includes: 
collapsing the proximal and distal fixation members; 

insertii^ the proximal and distal fixation members, while collapsed, in the left 
ventricle and the ascending aorta, respectively; and 
15 expanding the proximal and distal fixation membexs in the left ventricle and the 

ascending aorta, respectively. 

In an embodiment, positioning tiie distal fixation member includes positioning the 
distal fixation member in tiie ascending aorta while coll^sed, and expanding the distal 
fixation member before positioning the proximal fixation member at least partially on the 
20 left-ventricular side of the native aortic valve. 

In an embodiment, insertii^ the proximal and distal fixation members Incliides 
storing the proximal and distal fixation members while collapsed in at least one tube 
selected fi-om the groi^ consisting of: an overtube and a trocar, and expanding the 
proximal and distal fixation members includes deploying the proximal and distal fixation 
25 members from the selected tube. 

In an embodiment, inserting the proximal and distal fixation members includes 
inserting the selected tube through an apex of a heart of tiie subject, and advancing the 
selected tube throu^ Ihe left vemtricle until a distal end of Ihe selected tube passes the 
native aortic valve. 

30 In an embodiment, insertmg the proximal and distal fixation members includes 

inserting Ihe selected tube using a transaortic approach. 
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In an ^bodiment, the proxinial fixation member includes an imi^ support 
structure, tiie distal fixation member includes an outer suppOTt structure tbat is placed 
partially over ibs inner support stmctuis, and positioning the proximal and distal fixation 
members includes positioning the inner and outer support structures, respectively. 

5 In an embodiment, the outer siqiport structure is shaped so as to define a plurality 

of distal diveiging strut supports, &am. 'vMdi a plurality of proximal engagement aims 
extend radially outward, and positioning the outer stqpport structure includes rotationally 
aligning tiie engagement arms with respective ones of the aortic sinuses. 

In an embodiment, positioning the outer support structure includes rotationally 
1 0 aligning the stmt supports with respective commissures of the native valve complex. 

In an embodiment, aligning the engagement aims and Hie strut supports includes 
moving the outer support stmcture in a proximal direction, such that the engagement arms 
self-align with the respective ones ofthe aortic sinuses. . 

hi an embodiment, the inner support stnictuTB is ah^ed so as to define a bulging 
15 proximal skirt, and positioning the inner support structure includes positioning the inner 
support stmcture such that a proximal portion of the skirt applies the second axial force. 

In an embodiment, the pros&esis uidudes a graft covering that covers at least a 
portion of the skirt, and positioning the inner support structure includes positioning the 
inner support structure including the graft coverii^. 

20 In an embodiment, Ihe inner support structure is shaped so as to define a plurality 

of distal diverging inner stmts, tiie skirt extends from the inner struts, and positioning the 
inner support structure inclvdes positioning the inner support structure that is shaped so as 
to define the plurality of distal divarguig inner struts. 

In an embodiment, Ihe outer si^tport structure is shaped so as to define a plurality 
25 of distal diverging strut supports, from which a plurality of proximal engagement arms 
extend radially outward, each of the stmt supports is positioned over a respective one of 
the inner struts, and positioning the outer support structure includes positioning the outer 
support structure that is sh^ied so as to define the plurah^ of distal diverging stmt 
supports. 
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In an embodiment, tiie engagement anns are positioned over a portion of the skirt. 



and positioning liie outer support structure includes positioning tibie outer support structure 
including HbB engagement arms positioned over the portion of the skirt. 

There is yet further provided, ia accordance with an embodiment of the invention, 
5 a method for treating a stenosed native aortic valve of a subject, the method including: 

positioning one or more fixation members of a valve prosdiesis in a vicinity of the 
native aortic valve, and a membrane coupled to at least one of the fixation members has a 
closed position and an open, pc^tion; and 

without suturing, coupling the one or more fixation members to the native aortic 
1 0 valve such that the fixation members do not opea native leaflets of the native aortic valve 
to their maximum diameter. 

In some embodiments of the present invention, a fixation mechanism is provided 
for implanting a stent-based valve prosthesis for treating a native stenosed valve, such as 
an aortic valve. The fixation mechanism tjrpically enables accurate positioning of the 
15 prosthesis in the native valve orifice in a guided self-aHgning procedure, as well as safe 
and secure deployment and fixation. 

In some embodiments of the present invention, flie fixation mechanism includes one or 
more of the following components and/ox feature: 



20 



a distal (Le., downstream) fixation member, vs*dch typically 
mcludes a fixation fame. When the valve prosthesis is hi a collapsed 
position, tiie fixation frame is pressed against a body of the valve 
prosthesis by insertion hito an outer sheafh fi-e., an overtube); 



25 



the downstream fixation fiame is shaped so as to define aortic sinus 
fixation arms, a number of which is typically equal to the number of aortic 
smuses of the native valve; 



30 



the arms are configured to flare out laterally, when released from 
the oirter sheath, to an angle with respect to a central axis of the prosthesis. 
Typically, tiie angle is precisely predefined by tiie design of the 
downstream fixation fiiame and aims, said angle open m the upstream 
dbrection. For some applications, the arms are sh^ so as to curve 
outwards laterally; 
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• upon deployment at the bottom of tiie aortic sinuses, the 

downstream fixation aims exert force largely or substantially only in the 
direction of the left ventricle 0.e., an axial force), and exert little or 
substantially no force in the radial direction; 

5 • the downstream fixation arms engage with the downstream side of 

the native valve leaflets, but not with the upstream side of the native valve 
leaflets. As a result: (a) the aims limit Ihe opening motion of Ihe native 
valve leaflets to fhe above-mentioned ai^e (vsiiich is typically predefined), 
and (b) ihe configuration of the arms enables the sequential entrapment of 
10 the native valve leaflets, first, firom the downstream side by the fixation 

arms, and, second, fix>m the upstream side, by a proximal (i.e., upstream) 
fixation member, thereby sandwiching the leaflets at the above-mentioned 
angle (which is typically predefined) without crimping, folding over» or 
bending the native leaflets; 

15 • the downslieam fixation arms engage with an upstream portion of 

the valve prosthesis to form a locking mechanism, which, for some 
applications, includes barbs; and/or 

• divergent commissural struts which encompass at their distal end 

an area larger than the native aortic orifice, so that the struts help resist 
^0 migration of the valve prosthesis in an upstream diiectiQQ (i.e., towards the 

left ventricle), and contribute to exertmg and enhancii:^ axial force in an 
upstream direction in a manner that increases with their outward angulation 
and the downstream (aortic) pressure. 

In some embodiments of the present invention, tfie valve prosthesis is irnplanted using a 
25 ttansapical implantation procedure. An introducer overtube or trocar is mserted into the 
left ventricular apex using a Seldinger technique. Ihrough this trocar, a delivery catheter 
onto which the collapsed valve prosfcesis (covered by a sheath) is mounted, is advanced 
into the ascending aorta. Withdrawal of the sheath causes Ihe fixation arms to flare out 
laterally to an angle which is typically predeteimined by design, and to open in an 
30 upstream direction. 

Gentle withdrawal and rotation of the delivery catheter, onto which the prosthesis with the 
fiared-out arms is mounted, causes the arms to slide mto the aortic smuses, until the anns 
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reach the bottom (anatomic mferior portion) of tiie smuses. This rotational alignment 
occurs because the three-dimensioiial geometry of the downstceam fixation firame, 
inchiding the extended aortic smus fixation arms, conforms to the three-dimensional 
geometry of the aortic valve and aortic root In this position, the fixation arms engage 
5 witii the downstream side of tiw native valve leaflets, and not with the npstream side of 
the native valve leaflets. Such engagement limits the opening motion of the native valve 
leaflets to the above-mentioned angle (which is typically predefined), so that the native 
leaflets are not pushed against the coronary arteries upon device release. In addition, such 
engagement provide flie proper conditions for sequentially entrappmg the native valve 
10 leaflets first fiom the downstream side (by the fixation arms), and subsequently from the 
upstream side (by the bottom of the valve prosthesis), thereby sandwicMng the leaflets at 
the angle (which is ^icaUy predefined), without crunping, folding over, or bending the 
native leaflets. 

Once the proper position of the arms at the bottom of the aortic sinuses is verified, the 

15 correct position for complete device release is automatically achieved. The proper 
position may be verified, for example, by (a) sensing an elastic resistance in the axial 
direction, and sensmg that the device is rotationally locked in place, and/or (b) using 
imaging techniques such as fluoroscopy and/or ultrasound. Release of the device fix>m tiie 
delivery catheter causes a lower mflow portion of the prosthesis to unfold and p^pss 

20 against the upstream side of the native leaflets, thereby engagmg with the npstream 
fixation arms in the aortic suauses. Hie upstream fixation aims serve as oounteiparts to 
the lower inflow portion of the prosthesis in a mechanism that locks the native leafleiB and 
the surrounding pedannular tissue for fixation. 

Defvice migration in the upstream direction (into the left ventricle) is prevented by 

25 (a) the aortic sinus fixation anns, which exert axial pressure agamst the bottom of the 
smuses, and (b) the outwardly directed angulation of the longitudinally-oriented 
commissural struts of the prosthesis. The angulation of the struts not only prevents 
migration mto the left ventricle by itself, but, during systole, also by exerting leverage on 
the aortic sinus fixation arms, which is a flmction of the degree of the angle and aortic 

30 pressure. Migraticfli of tihie device in a downstream direction is prevented by the mflow 
part of tiae device pressing againist the pedannular tissue surrounding the upstream side of 
the valve leaflets, and by the inflow part of the device engaging with the fixation arms in a 
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locking mechanism, which, for some applications, includes the use of barbs placed at the 
inflow section of the device in an upstream direction agmnst the jBxation arms. 

In other embodiments of the present invention, the valve prosthesis is implanted 
using another implantation technique, such as an antegrade transseptal techniqpje, or a 
5 retrograde endovascular-percutaneous technique. 

The present uxvendion will be more fully understood from the following detailed 
description of embodiments thereof, taken together with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a fully-assembled valve prosthesis, in 
1 0 accordance with an embodiment of the present invention; 

Fig. 2A is a schematic illustration of a collapsible outer support structure of the 
prosthesis of Fig. 1 prior to assembly with an inner support structure of the prosthesis, in 
accordance with an embodiment of the present invention; 

Fig. 2B is a schematic illustration of the collapsible inner support stcucture prior to 
15 assembly with the outer stq^port structure of &e prosthesis of Fig. 1, in accordance with 
an embodiment of the present invention; 

Figs. 2C and 2D are schematic illustrations of alternative oontigurations of a 
portion of tiie prosfliesis of Fig. 1, in accordance with respective embodunents of the 

present invention; 

20 Fig. 2E is a sdbematic illustration of another configuration of a collapsible outer 

support stincture of ^ prosthesis of Fig. 1 prior to assembly with an mner support 
structure of the prosthesis, in accordance wilii an embodiment of tbte present invention; 

Figs. 3A-£ are schematic illustrations of additional configurations of the outer 
support structure of Fig. 2A, m accordance witii respective embodiments of the present 

25 invention; 

Fig. 3F is a schematic illustration of an additional configuration of the outer 
support structure of Fig. 2A, in Accordance with an embodiment of the present mvention; 

Fig. 3G is a schematic illustration of a fiiliy-^embled valve prostiiesds that 
includes inner engagement arms of the configuration of Fig. 3F, in accordance with an 
30 embodhnent of the present invention; 
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Figs. 4A-C are sclieinaldc illustrations of oonfiguratioiis for coi^ling a pliant 
material to inner struts of tibe inner support structure of Fig. 2B and stmt supports of the 
outer support structure of Fig. 2A, in accordance witii respective embodiment of the 
present invention; 

5 Figs. 4D and 4E are side-view schematic illustrations of configurations for 

coupling the pliant material of Figs. 4A-C to a graft covering, in accordance wrfti 
respective embodiments of the present invention; 

Figs. 5A-C, 6A-B, 7A-E, and 8A illustrate apparatus and a method for implanting 
the valve prosthesis of Fig. 1 in a native stenosed valve of a heart, in accordance vdth 
1 0 respective embodiments of tiie present invention; 

Figs. 8B-C illustrate the prosthesis of Fig. 1 in situ, in accordance with respective 
embodiments of the present invention; 

Figs. 9A-G schmatically illustrate a transaortic approach for implanting the valve 
prosthesis of Fig. 1, in accordance with an embodiment of the present mvention; 
15 Figs. lOA and lOB show the valve prosthesis of Fig. 1 in open (systolic) and 

closed (diastolic) positions, respectively, in accordance with an embodiment of the present 
invention; 

Figs. IIA-D illustrate several coirfigurations for axially couplmg the valve 
prostiiesis of Fig. 1 to the aortic annulus, in accordance with respective embodimeiits of 
20 ^ present invention; 

Figs. 12A-G illustrate a holding device for holding liie valve prosthesis of Fig. 1 
prior to fhe implantation of fhe prosthesis, in accordance with an embodiment of the 
[nresent invention; 

Figs. 13A-D illustrate the loading of the valve prosthesis of Fig. 1 into a tube from 
25 the holding device of Figs. 12A-G, m accordance wifli an embodiment of the present 
inversion; 

Fig. 14 is a schematic iUustration of a valve prosthesis placed in a pulmonary 
valve, in accordance with an embodiment of the present inventioiu 

Fig. 15 is a schematic anatomical illustration showing the location of a native 
30 valve complex, in accordance with an embodiment of the presort invention; 
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Figs. 16A-H scheanadcally illustrate another transapical technique for implanting 
the prosthesis of Fig. 1, in accoidanoe with an embodrmmt of the present invention; and 

Fig. 17 is a sdiematic iliustration showing a sh^ of engagem^ arms of an outer 
support structure of the prosthesis of Fig. 1, in accordance with an embodiment of the 
5 present invention, 

DETAILED DESCRIPXION OF EMBODIMENTS 

Fig. 1 is a schematic illustration of a fully-assembled valve prosthesis 10, in 
accordance with an embodiment of the present invention. Valve prosthesis 10 comprises 
a collapsible inner support structure 12 flaat serves as a proximal fixation member, and a 

10 collapsible outer si^ort structure 14 that serves as a distal fixation member. Outer and 
inner support structures 14 and 12 may be initially formed separately and tiien joined 
together, as shown, ox may be formed as one integrated structure, i.e., not formed 
separately and them joined togdfaer. For some applicadons, outer and inner support 
structures 14 and 12 are joined together prior to implantation of prosliiesis 10 (during a 

15 manufacturing process, or by a healthcare worker prior to implantation), yrfiile fen: other 
applications, the outer and inner siQjport structures are coupled to one anotiier dimng an 
implantation procedure. For some plications, outer support structure 14 is constructed 
from a plurality of separate pieces, y^ch are joined to inner si^rt structure 12 using 
standard manu£ictunng means, such as welding, gluing, or suturing (confiporation not 
... 20 shown), such that the functionality of outar siqiport structure 1 4 is attained. 

Valve prosthesis 10 is configured to be placed in a native diseased valve of a 
subject, such as a native stenotic aortic or pohnonaiy valve, using a nunimally-invasive 
approach, such as a beating heart transapical proceduiei, such as described heseinibelow 
witii refer^ce to Figs. 5A-8A or with reference to Figs. 16A-H, or a retrograde transaortic 
25 procedure, such as described hereinbelow vwlii reference to Figs. 9A-G. As used in the 
present application, including in the claims, a "native semilunar valve" is to be understood 
as including: (a) native semilunar valves that include their native leaflets, and (b) native 
semilunar valves, the native leaflets of vAach have been surgically excised or are 
_,„,.f. _;,,><r- otfaerwftseabss^:;- , .,: f.. . >■ . i-: ^ ;Ti-,- ■■ 

■30 Reference is made to Fig. 2A, vMch is a schematic illustration of coU^ible outer 

support structure 14 prior to assembly with inner support structure 12, in accordance wife 
an embodiment of llie presmt invention. Outer sr^jport structure 14 is shaped so as to 
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dejBne a pluralily of distal diverging strut si^porte 20, from which a plinality of proximal 
engagement arms 22 extend radially outward in a proximal direction. Typically, the 
engagement arms have a shape tibat is generally upwardly concave, sucfa as described 
hereinbelow with reference to Fig. 17. 
5 Although three strut supports 20 and engagement arms 22 are shown in the 

figures, for some jq>pIications valve prosthesis 10 comprises fewer or more supports 
and/or anns, sudi as two supports and two arms. It is noted that approximately 90% of 
humans have exactly tircee aortic sinuses. The three supports and/or arms provided in 
most embodiments correspond to these three aortic sinuses. For implantation in the 

1 0 approximately 1 0% of patients that have exactly two aortic sinuses, prosthesis 1 0 typically 
includes exactly two supports and/or arms. 

Engagement aims 22 are typically configured to be at least partially disposed 
within aortic sinuses of the subject, and, for some applications, to engage and/or rest 
against floors of the aortic sinuses, and to apply an axial force directed toward a left 

15 ventricle of the subject Engagement arms 22 meet one another at respective junctures 24. 
For application in which each of engagements arms 22 is fabricated as a separate piece, 
the engagement arms are medhanicaily engaged to one another where th^ meet at 
respective junctures 24. For some applications, engagement arms 22 meet one another 
without achiaUy touching one anofhea:, and instead meet via an area defined at each 

20 respective juncture 24. lypically, the engagement arms are configured to define 
respective peaks at junctures 24 (or peak complexes, as described horeinbelow with 
reference to Fig. 3E), and respective troughs 26 between each two of the peaks (or trough 
oomplcKCS, as described hereinbelow with reffearence to Fig. 3E). 

Outer support structure 14 comprises a suitable material that allows mechanical 

25 deformations associated with crimping and expansion of valve prosthesis' 10, sudi as, but 
not limited to, nitinol or a stainless steel alloy (e.g., AISI 316). Outer support structure 14 
is febricated from a sii^le piece or from a plurality of parts that are coupled together (e.g., 
by suturing). For some applications, placement of engagement aims 22 within the aortic 
amuses prevents "device migration," i.e., undesired retrograde movement of valve 

30 prosthesis 10 that may result fixm fluid forces applied to the valve. For some 
applications, engagement aims 22 are coated with a flexible material (e.g., polyestca:, 
biocompatible, syn&etic, and/or pericardium). 
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Strut supports 20 and engagement anns 22 may be fbnned as one integtaied 
structure (as shown), or, attematively, may be initially formed separately and thcsn joined 
to one anotho:. For escample, the strut si^jport and anus may be mechanically interlocked 
or sutured together, or coupled by other means. Typically, the strut support and arms arc 
5 jomed prior to implantatioit 

Reference is made to Fig. 2B, which is a schematic illustration of collapsible inner 
si^rt sbncture 12 prior to assembly with outer support structure 14, in accordance with 
an embodiment of the present inventioii. For some applications, inner support structure 
12 is shaped so as to define a plurality of distal diverging inner struts 30, and a bulging 
10 proximal skirt 32 that extends from the struts. A proximal portion 34 of proximal skirt 32 
is configured to engage a left ventricular outflow tract (LVOT) of the subject and/or 
periannular tissue at the top of fte left ventricle. A relatively nanow throat section 36 of 
ptoxhnal skirt 32 is configured to be positioned at a valvular anmilus of the subject, and to 
engage the native valve leaflets. Inner support structure 12 oompriseSj for example, 
15 nitinol, a stainless steel alloy, another metal, or another biocompatible material. 

Reference is again made to Fig. 1. Inner and outer support structures 12 and 14 
are assembled together by placing outer suppcrt structure 14 over mner stipport structure 
12, such that outer strut supports 20 are aligned wi1h» and typically support, respective 
inner struts 30, and engagement arms 22 are placed over a portion of proximal skirt 32. 
20 Inner struts 30 and outer strut si^qports 20 together function as commissural posts. 
Typically, such assembly is performed prior to implantation of prosthesis 10, such as 
during manufecture of the prosthesis; alternatively, such assembly is perfbnned in vivo 
durmg an implantation procedure, or prior to implantation by a healthcare worker. 

Valve prosthesis 10 typically comprises a prosthetic distal valve 104, which 
25 typically comprises a pliant material 105 coupled to strut supports 20 and/or inner stmts 
30, Pliant material 105 of valve 104 is configured to collapse mwaidly (i.e., towards a 
longitudinal axis of valve prosthesis 10) during diasfolei in order to inhibit retrograde 
blood flow, and to open outwardly during systole, to allow blood flow through the 
prosthesis. For some applicatioos, when in an open position, valve 104 assumes a 
30 diverging sh^e that causes blood to flow therethrough with pressure recovery at a distal 
outlet of the valve, for example using techniques described in one or more of the above- 
mentioned patent application publications to Schwammenthal et al. For other 
applications, the shape of the valve does not cause such pressure recovery. For example, 
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an angle between the pliant material 105 and a central longitudinal axis of prosthesis 10 
may be too great to cause pressure recovery. In tbds latter case, the large angle may serve 
exclusively, or at least in part, to help provide axial fixation of prosthesis 10 to the native 
valve complex. Regardless of whether pressure recovery is achieved, the angle between 
5 pliant material 105 and fee central longitudinal ads of prosfeeas 10 lypically inhibits 
migration of the device in an upstream direction. 

Pliant material ICS coiupnses a flexible supple material, sash as an inert biological 
material, e.g., pericardimn sheet or any medically safe elastomer, such as, but not limited 
to, polyester, polymer, a metallic material/alloy, polyurethane, latex, or synthetic rubber. 

10 For some applications, pliant material 105 is coi^led to strut supports 20 and/or inner 
struts 30 by sewing, such as described hereinbelow with reference to Fig, 4. For example, 
pliant material 105 msy be sewn onto oid:er diverging strut supports 20. Valve 104 
comprises a single piece or multiple pieces of pliant material 105 (e.g., leaflets) jomed 
together to give a desired shape, typically a distally divergmg shape. For some 

15 applications, fee pliant material and support structures are coupled to one another in a 
single-step procedure (e,g,, by sevmg all the pieces togefeer); alternatively, the pliant 
material and support structures are coupled to one anofeer in a plurality of sequential 
steps. 

Typically, valve prosfeesis 10 further comprises a graft covering 106 which is 
20 coupled to proximal skirt 32, such as by sewing fee covering within the skirt 
(configuration shown in Fig, 1) or around the skirt (configuration not shown). Lmer 
support structure 12 feus defines a central structured body for flow passage that 
proxunally temiinates in a flared inlet (proximal skht 32) that is configured to be seated 
within an LVOT immediately below an aortic aminlus/aortic valve. For some 
2S {plications, ^aft covering 106 is coupled at one or more sites to pliant material 1 05. 

Figs. 2C and 2D are schematic illustrations of alternative configurations of a 
portion of valve prosthesis 10, in accordance wife respective embodiments of fee present 
inventioiL In feese configurations, inner support structure 12 and outer support structure 
14 are replaced by an element 38, wMch is shaped so as to define first and second portions 
30 40 and 42. First portions 40 serve as support structures, each of vdaich functionally 
corresponds to a pair of strut support 20 and inner strut 30, described hereinabove wife 
reference to Figs. 2A and 2B. Pliant material 105 is coupled to support structures 40. 
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Second portions 42 are bent in a proxinial direction, such that proximal portiom of the 
second portions define respective engagement aims 22. 

In the configuration shown in Fig. 2C, two s«x)nd portions 42 extend fitom the 
distal end of each first portion 40. In the configuration shown in Fig. 2D, element 38 is 
sh^ed so as to define two shouldets 44 that ectend laterally from each fiist portion 40. A 
single second portion 42 esxtssxds fiom each of shoulders 44. 

Reference is again made to Fig. 1. In an embodiment of the presaat invention, 
inner support structure 12 is shaped so as to define one or more barbs 120, which axe 
configured to pierce or protrude into the ventricular side of the aortic annuli^, as 
described hereinbelow with reference to Figs. 7A-R For some applications, one or more 
of inner stmts 30 is shaped so as to define a resp^^iive baib, "wdiile for other applications, 
another element of valve prosthesis 10 is shaped so as to define the one or more barbs, 
such as proximal skirt 32. For some applications, baibs 120 are oriented parallel to a 
longitudinal axis of valve prosthesis 10, while for other plications, barbs 120 are 
oriented to fonn an angle with respect to the longitudinal axis, such as between about -20 
degrees (i.e., slanted towards a central axis of the native valve) and about +89 degrees 
(i.e., slanted away &om the oeiibal axis of the native valve), such as between about -5 and 
about +30 degrees. For some ai^plications, baifos 120 are set at the desired angle by heat- 



20 Reference is made to Fig. 2£, which is a schematic illustration of another 

configuration of collapsible outer suppcit structure 14 prior to assembly with inner 
si^^port structure 12, in accordance with an embodiment of the present invention. Inter- 
strut support elements 17 are coupled between a<^*accnt ones of distal diverging strut 
supports 20, and typically serve to help maintain a desired distance between each of strut 

25 supports 20. For exanq)le, if a force is applied that would bring closer or separate two of 
the strut supports, the inter-strut support element between the strut supports would tend to 
reduce such a deformation. For some applications, one or more of support elemoits 17 is 
shaped so as to define a kink or curved section 19, viMch deforms slightiy in response to 
force applied to element 17. 

30 Referaice is made to Figs. 3A-E, which are schematic illustrations of additional 

configurations of outer support structure 14, in accordance witii respective embodiments 
of the presexit invention. In the configurations shown in Figs. 3A-B, outer support 
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striKture 14 is shaped so as to define one or more native valve support elements 122. 
These support elements apply pressure to an outer (downstream) surfece of l3ie native 
valve whKi engagement arms 22 are positioned in the aordc sinuses, so as to hold the 
native leaflets in place gainst proximal skirt 32. In the configuration shown in Fig. 3 A, 
5 the area defined by eogagemaat arms 22 and support elements 122 is open, while in the 
configuration shown in Fig. 3B, a covering 124 is provided in this area. The covering 
generally may help capture calcific, thrombotic, or other material vMoh might be 
dislodged fittm the native valve or the surrounding tissue, and may comprise, for example, 
polyester, in the configuration shown in Fig. 3C, covering 124 is provided without 
10 support elements 122. 

In the configuration shown m Fig. 3D, each of engagement arms 22 comprises or 
is shaped so as to define at least one extension element 23 that extends &om the 
engagement am. The engagement aims and extension elements are configured such that 
the engagement arms engage and/or rest against the floors of llie aortic sinuses via the 

IS extension elements. For some applications, such as shown in Fig. 3D, exactly one 
extension element 23 extends from each of engagement arms 22, while for other 
applications, more tiian one extension element 23 extends from each engagement arm 
(configuration not shown). Although engagement arms 22 are shown in Fig, 3D as 
curving down toward the sinus floors, for some applications the engagement arms are 

20 sh^)ed so as to remain above the native commissures (for example, the engagement arms 
collectively may be annular in shape), or to curve down less than is shown m Fig. 3D. 

In the configuration shown in Fig. 3E, each of engagement aims 22 is shaped so as 
to define a plurality of troughs 25 and local peaks 27, rather than a single trough 26, as 
shown in Fig. 2A. Li addition, each of engagem^t arms 22 is shaped so as to define a 

25 plurality of peaks 29 and local troughs 31, rather than a single peak at each of junctures 
24, as shown in Fig. 2A. (Outer support structure 14 may include both, only one o^ or 
neither of the features described in &e preceding two sentences.) As used in the preserd 
application, including in the claims, a "trough complex" means a portion of an 
engagement arm that extends downwanis between respective "peak complexes." Each 

30 "trough complex" includes n local troughs 25 and n-1 local peaks 29, vdiere n is greater 
than or equal to one.. ■ Each "peak complex" includes m local peaks 29 and m-J local- 
troughs 31, where mis greater than or equal to one. It is noted that the portion of a peak 
con:q>lex that is at a juncture may define a local trough (configuration not shown). In 
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addition, although the peak and trough complexes shown in Fig. 3E are gecKsrally 
symmetrical, non-syminetrical arrangements are also within the scope of the present 
invention- 

For some £?)plications, respective extension elements 23, described hereinabove 
5 with reference to Fig. 3D, ejctend fiom one or more of the troughs of a trough complex, 
and/or from elsewhere along the trough complex. 

Fig. 3F is a schematic illustration of an additional configuration of outer si^port 
structure 14, in accordance with an embodiment of the present inveaitiou. In this 
embodiment, outer support structure 14, in addition to defining proximal engagement 
10 arms 22, is shaped so as to define a plurality of inner engagement arms 33. The inner 
engagement amis are configured to pass throu^ the valvular annnlus. Typically, troughs 
35 of inner engagement arms 33 arc configured to engage Ifae LVOT and/or periannular 
tissue at the top of the left ventricle. For some plications, each of inner engagement 
arms 33 is shaped so as to define one or more baibs 37, which are configured to pierce or 
15 protrude into the ventricular side of the aortic annuhjs. Topically, during an implantation 
procedure, inner engagemrait arms 33 are released fiom an oveitube, trocar, or catheter 
prior to the release of proximal skirt 32 therefiwm, such as described hereinbelow witii 
reference to Figs. 7A-C, 9A-G, and 16A-H. The fixation provided by mner engagement 
arms 33 holds prosthesis 10 in place until the implantation procedure is con^lete, such 
20 that blood flow against skirt 32 does not dislodge the prosthesis during the implantation 
procedure. 

Fig. 3G is a schematic illustration of a My-assembled valve prosthesis that 
includes inner engagement amis 33 of Fig. 3F, in acooadance with an embodiment of the 
present invention. Fig. 7E, described hereiubelow, shows prosHiesis 10 in situ having the 
25 configuration shown m Fig. 3F. 

For some applications, the features shown m one or more of Figs. 2A-B and 3A-G 
are combined. For example, valve support elements 122 and/or covering 124 may be 
provided for arms 22 of Fig. 3E Other such combinations of features are within the scope 



Refarence is now made to Figs. 4A-C which are schematic iUustraticms of, 
configurations for ooi^lmg pliant material 105 to inner stmts 30 of inner support structure 
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12 and to strut supports 20 of outer support structure 14, in accordance with respective 
embodimeiits of the present inventian. 

In liie configuratioa shown in Fig. 4A, valve 104 comprises a plurality of 
segments of pliant material 105, pairs of which are coupled together at respective 
5 interfeces between one of inner struts 30 and one of strut supports 20. Inner strut 30 is 
shaped so as to define an elongated slit 130. During manufacture of valve prosthesis 10, 
edges of two pieces of pliant material ICS are inserted tlirough slit 130 such that a portion 
of each of the pieces of pliant material is sandwiched between inner strut 30 and stmt 
support 20. The inner strut and strut si^poit are tightly coupled together, such as by 

10 passing one or more sutures 132 throu^ holes 134 defined by inner strut 30 and strut 
si^port 20. Sutures 132 typically couple the strut and stmt support togetiher such that 
pliant material 105 is supported on both sides thereof thereby forming a strain relief 
v4uch reduces stresses on the ieafl^ of valve 104 at the sutures. The relatively large 
surface areas of inner strut 30 and stmt support 20 distribute the stress applied at pliant 

15 material 105, so that this stress is not applied primarily around holes 134. Typically, the 
edges of slit 130 are rounded in order to avoid damage to pliant material 105. 

In the configuration shown m Figs. 4B-C, portions 136 of graft covering 106 
(including, optionally, pericardium or any suitable supple synthetic or biological material) 
are inserted through slit 130, between the edges of the slit and the two pieces of pliant 
20 material. The portions of &e graft covermg reduce Motion between the pliant material 
and inner strut 30. As can be seen in Fig. 4C, portions 136 of graft covering 106 are 
typically integral with the rest of graft coveiii^ 106 {which is sewn to skirt 32). Graft 
covering 106 (including, optionally, pericardium or any suitable supple synthetic or 
biological material) is thus shaped so as to define distally protruding portions 136. 

25 Figs. 4D and 4E are side-view schematic illustrations of two configurations for 

coupling pliant material 105 to graft covedng 106, and reducing leaflet stress during valve 
opening (Fig. 4D) or valve closure (Fig. 4E), in accordance wilh respective embodiments 
of the present invention. In both of these configurations, graft -covering 106 is sewn to a 
cord 1 07, such thai a portion of pliant material 105 is held between the cord and the graft 

30 covracing. Cord 107 passes through a hole 108 (Fig. 4C) passing through or near one of 
the comniissflral posts (configuration not shown). 
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Reference is now made to Figs. 5A-8A| which illustrate apparatus and a method 
for implanting valve prosthesis 10 in a native stenosed valve 140 of a heart 142, in 
accoidance with respective embodiments of the present invention. 

Figs. 5A-C illustrate an overtube or trocar 150 and the ioitial steps of Hie 
5 implantation method, in accordance wife respective embodiments of the present 
invention. Overtube or trocar 150 is placed over a dilator 154. As shown in Fig. 5A, 
overtube or trocar 150 is typically inserted through an apex 156 of heart 142, and 
advanced into a left ventricle 157 where Its motion is temimated, or throng left ventricle 
157 until the distal end of dilator 154 passes native aortic valve leaflets 158. For example, 
10 ^ex 1 56 may be punctured using a standard Seldinger technique, and a guidewire may be 
advanced into an ascendmg aorta 160. Optionally, native aortic valve 140 is partially 
dilated to about 15-20 mm (e.g., about 16 mm), typically using a standard valvuloplasty 
balloon catheter. Qn contrast, full dilation would be achieved utiliidng dilation of 20 mm 
or more.) Overtube or trocar 150 is advanced into the ascending aorta. Overtube or trocar 

15 150 is pushed beyond aortic valve 140 such that the distal end of overtube or trocar 150 is 
located above the highest point of native aortic valve 140. Dilator 154 is removed while 
overtube or trocar 150 remains in place with its distal csnd located above aortic valve 1 40, 
as shown in Fig. 5B. It is to be understood that fee procedure may be modified so that 
overtube or trocar 150 is placed within fee left venlricle and remains wifliin the left 

20 ventricle throughout fee CTtire unplantation procedure. Valve prosfeesis 10 is advanced 
■through fee distal end of overtube or trocar 150 into ascending aorta 160 distal to native 
leaflets 158, as shown in Fig. 5C. Typically, to facilitate this advancement, prior to the 
implantation procedure valve prosfeesis 10 is loaded into a delivery tube 202, such as 
desraibed hoceinbelow wife reference to Figs. 12A-13D. During the implantation 

25 procedure, delivery tube 202 is advanced through overtube or trocar 150, feereby 
advancmg fee valve prosfeesis through fee overtube or trocar. 

Figs. 6A-B show an implantation of valve prosfliesis 10 in ascending aorta 160, in 
accordance wife an embodiment of fee present mvention. As meoitioned above wife 
reference to Figs. 5A-C, the distal end of overtube or trocar 150 is positioned past native 
30 valve leaflets 158. The distal end of valve prosfeesis 10 is advanced out of overtube or 
. . trocar.150 toitil engagement arms 22 exit overtube or trocar 150 and snap or spring open, 
as shown in Fig. 6A. Overtube ox trocar 150 is gently pulled back until engagement arms 
22 are brought into aortic sinuses 164. For some s^jplications, oveaiube or trocar 150 
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and/or valve prosthesis 10 are gently rotated as indicated by airows 166 in ord^ to align 
engagetneaat arms 22 vrith respective aortic sinuses 164. Although not tj^ically necessary, 
fluoroscopic, ultrasound, or o&er surgical imaging techniques may be used to aid in this 
positioning. Overtube or trocar 150 and valve prosthesis 10 are pulled back sli^Hy, such 
5 that engagement arms 22 arc positioned within respective aortic sinuses 164, as shown in 
Fig. 6B. (Although engagement arms 22 are shown in Fig. 6B as being in contact with the 
sinus floors, for some applications the engagement arms do not come in contact with the 
sinus floors, such as described hereinbdow with reference to Fig. 7B.) Typically, valve 
prosthesis 10 is configured such Haat vihsD. engagement arms 22 are placed properly 
10 within aortic sinuses 164, outer strut siQ)ports 20 ate aligned with commissures 170 (see, 
for example, Fig. 8A), thus pieveiriing any possible obstruction of coronaiy ostia 1 16 by 
valve prosthesis 10. At fins point in the implantation procedure, the distal end of valve 
prosthesis 10 is free of overtube or trocar 150, and the proximal end of prosthesis 10 
remains in overtube or trocar 150. 

15 For some af»plications, the use ofimagmg techniques is not necessaiy. Thecarefid 

pulling back of valve prosthesis 10, without application of excessive force, generally 
causes each of engagement aims 22 to automatically self-align with a respective aortic 
sinus 164, because outer support structure 14, particularly engagement arms 22, generally 
matches the three-dimensional shape of aortic valve 140. If one of engagement amis 22 

20 comes in contact with a commissure 170 during the careful pulling back of the prosthesis, 
the arm slides down the slope of the leaflet into Ihe aortic sinus. Typically, arms 22 are 
evenly disbibuted around valve prosthesis 10 with a separation of 120 degrees between 
arms, such that all three arms naturally fall into place in respective sinuses upon even just 
one of the engagement arms achieving proper alignment with a sinus. This natural 

25 alignment generally occurs even if the smuses themselves are not perfectly distributed at 
!20 degrees fbm one another. 

This alignxnent process generally ensures positioning of the prosthetic leaflets 
within the aortic sinuses, thus exposing the prosthetic leaflets to natural blood vortex 
formation in the aortic sinuses, which contributes to early closure of the prosthetic 

30 leaflets, thus leducmg closing volume (Le., leakage Ihrougih the prosllietic leaflets before 
..fiiUy closing), as vreU. as promoting 4ow-in:^ct closure of- Ihe prosthede leaflete 
typically reduces leaflet wear. 
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For some plications, a conect rotational disposition of the prosHiesis with 
respect to the aortic valve site is determined by the surgeon based on tactile feedback. 

Reference is now made to Figs. 7A-E, which illustrate valve prosliiesis 10 in situ 
upon completion of the implantation procedure, in accordance with respective 
5 embodunaatsofthepreseait invention. After valve prosthesis 10 is placed properly within 
native stenosed valve 140, as described hereinabove with reference to Figs. 5A-6B, the 
proximal end of valve prosthesis 10 is released j&om oveatiibe or trocar 150, by 
withdrawing overtube or trocar 150. Proximal skirt 32 snaps or springs open to at least 
partially engage, with its proximal portion 34, the left-ventricular side of native valve 140, 

10 including at least a portion of an inner surface of an LVOT 180. As a result, valve 
prosthesis 10 forms an axial engagement system above and below native valve annulus 
182 of native valve 140, v^ch axially sandwiches a native valve complex (as defined 
heieinbelow with reference to Fig. 15) fiom tiie aortic and left-ventricuiar sides thereof. 
Native valve leaflets 158 are captured between proximal sknt 32 and engagemeait arms 

15 22, typically without applying force along the longitudinal axis of the leaflets, in order to 
avoid shortening of the length of the leaflets, or forced bending, crimping, or folding over 
of the leaflets. For some applications, barbs 120, if provided, pierce aortic annulus 182 on 
the left-ventricular side of native vabfe 140, viMe for other applicatiGOS, the barbs are 
blunt, in which case they goieially protrude into Ihe tissue of the aQr)ic annulus, without 

20 piercing the tissue. For some applications, siqiport structure 14 is configured to elevate 
native valve leaflets 158 from within the aortic smuses. 

In the embodiment ^own m Fig. 7A, vipon the completion of the iniplantation of 
prosthesis 10, engagement arms 22 are positioned within aortic sinuses 164, such that the 
ends of the engagement arms touch tiie floors of the sinuses. Attfaou^ the ends of the 

25 engagemetit arms are shown touching approximately the radial center of Ihe floors of the 
sinuses, for some applications, the ends of the engagement arms touch the floors further 
from leaflets 158 or closer to the leaflets, or touch the body of the leaflets, the roots of tiie 
leaflets, or the transition between the sinuses and the leaflet roots. Alternatively, the 
engagement arms are shorter, such as shown in Fig. 7B, such liiat lliey do not reach the 

30 floors of the smuses. Further alternatively, for some applications prosthesis 10 does not 
comprise arms 22, as shown in Fig. 7C. 
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In the embodiment shown in Fig. 7D, prosthesis 10 has been implanted after the 
native valve leaflets have been excised, in accordance with an embodiment of the present 
invention. 

The ranbodiment illustrated in Fig. 7E shows valve prosthesis 10 /» situ having the 
5 configuration of outer support structure 14 described hereinabove with reference to Fig. 
3F. 

For some applications, barbs 120 are coated or otiierwise provided with a surface 
property for enhancing their attachment to tissue of aortic annulus 182. Graft covering 
106 of proximal skirt 32 also helps prevent regurgitation and device migration. 

10 For some plications, the positioning of arms 22 prior to the opening of proxunal 

skirt 32 prevents native valve leaflets 158 from opeaning more than a predetermined 
desired amount. The support provided by aims 22 to the valve leaflets limits the 
subsequent opening of the leaflets by the proximal sMit. The desired amount of opening 
is determined at least in part by the angle between aims 22 and a central longitudinal axis 

15 of the prosthesis (shown, fox example, as angle 6 in Fig. 7A). Typically, the angle is 
between about 1 and about 89 degrees, such as between about 10 and about 60 degrees, 
such as 25 degrees, or between about 25 and about 65 degrees. Typically, the angle is 
predetermined. For some applications, the fixation members of prosthesis 10 are 
configured to prevent opening of the native leaflets to their maximum diameter. 

20 Reference is again made to Fig. 7A. For some applications, prosthetic distal valve 

104 is coupled to strut supports 20 and/or inner stmts 30 of prosthesis 10 (see, for 
example. Fig. 1), such that at least 50% of an axial length of Ihe prosthetic leaflets is distal 
to native valve leaflets 158. In othrar words, if prosthetic distal valve 104 has an axial 
length LI, a portion L2 of length LI tiiat is distal to leaflets 158 is greater than a portion 

25 L3 of length LI that is proximal to leaflets 1 58. 

Fig. 8A shows valve prosthesis 10 in situ upon completion of the inq}lantation 
procedure, as viewed firom s^cending aorta 160, upon placement of engagement arms 22' 
within respective aortic sinuses 164, in accordance wilh an embodiment of the present 
invention. In this embodunent, engagement aims 22 are positioned withm aortic siniKes 
30 164, such that the . ends of the engagement aims touch the floors of the sinuses, for 
example as described hereinabove with reference to Fig. 7A. 
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Fig. 8B shows valve pirosthesis 10 zn situ upon completion of the implantation 
procedure, in acc<ndance with aa embodiment of the present invention. In this 
embodiment, junctures 24 between pairs of engagement aims 22 ride above respective 
native commissures 170, without impinging <m the oommissuies (i.e., touching or pushing 
5 the oommissures). In other words, there is a gap bdweeaa each of junctures 24 and its 
respective native commissure 170. Engagement aims 22 are positioned within aortic 
sinuses 164, such that the ends of t)ie engagement arms touch the floors of the sinuses. In 
this embodiment, the number of engagement arms 22 is typically equal to the number of 
aortic sinuses 164 of Ifae native valve, and the engagemeait arms are radially separated by 
10 approximately equal angjies. The three-dimensional shape of . eaigagement arms 22 causes 
the ends of the engagement arms to find the lowest point of reach within the floors of the 
sinuses, thaeby enabling self-alignment of prosthesis 10 with tiie native aortic valve site 
and commissures 170. 

A length L (parallel to a longitudinal axis of prosthesis 10) between (a) each 
15 juncture 24 and (b) the contact point of respective engagement arm 22 to tiie sinus floor is 
typically greater than about 6 nun, e.g., greater than about 10 mm, or than about 13 mm. 
For some applications, length L is between about 10 and about 18 mm, e.g., about 13 mm. 

In typical human subjects, the native valve ocmpleK has three native commissures 
170, which define respective coinmissural Mgh points, and fliree respective sinus low 
20 points. Prosthesis 10 is configured to match these high and low points. Such matching 
enables axial anchoring, without forced braiding, crimping, or folding over of the leaflets, 
and without impinging on the commissures. In this way, prosthesis 10 embraces the 
leaflets, xathea: than squeezing them. 

For some applications, engagement arms 22 are generally aligned with the native 
25 leaflets, thereby avoiding local deformation, and distdbuting force over a larger 
contiguous area of the leaflet surfece. 

Fig. 8C shows valve prosthesis 10 in situ upon completion of the implantation 
procedure, in accordance with an embodiment of the present invraition. In this 
embodiment, junctures 24 between pairs of engagement arms 22 ride above respective 
30 native commissures 170, impinging on the oommissures (Le., touching or pushing the 
commissures). Engagement aims 22 are positioned vrithin aortic sinuses 164,. such that 
the ends of the engagemort aims do not reach the floors of the smuaes (such as described 
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hereinabove with reference to Fig. 7B). The three-dimensional shape of junctures 24 
causes the junctures to align with commissures 170, thereby enabling self-alignment of 
prosthesis 10 wrfli the native aortic valve site and commissures 170. In an embodiment 
(not shown), junctures 24 apply axial fotcs to (Le., push) the commissures, and 
5 oigagement arms 22 apply axial force to aortic sinuses 164. 

Reference is made to Figs. 9A>G, which schematically illustrate a retrograde 
transaortic ^proach for implantii^ valve prosthesis 10, in accordance with an 
embodiment of the present invention. Prior to the implantation procedure, prosthesis 10 is 
positlQned in a retrograde delivciy catheter 250, as shown in Fig. 9G- A retrograde 
10 delivery catheter tube 251 of catheter 250 holds engagement aims 22, and a deliveiy 
catheter cap 252 holds proximal skirt 32. 

The implantation procedure begins with the transaortic insertion of a guidewiie 
190 into left ventricle 157, as shown in Fig. 9A. Optionally, stenotic aortic valve 140 is 
partially dilated to about 15-20 mm (e.g., about 16 mm), typically using a standard 

15 valvuloplasty balloon catheter. Qn contrast, full dilation would be achieved by using a 
. balloon catheter with a diameter of 20 mm or more.) Retrograde delivery catheter 250 is 
s^vanoed over guidewire 190 into ascending aorta 160 towards native aortic valve 140, as 
shown in Fig. 9A. As shown in Fig. 9B, retrograde delivery catheter 250 is advanced over 
guidewire 190 until delivery catheter cap 252 passes tfarougji native aortic valve 140 

20 partially into left ventricle 157. As also shown in Fig. 9B, retrograde delivery catheter 
tube 251 is pulled back (in the direction indicated by an arrow 255), while a device 
stopper 254 (shown in Fig. 9G) prevents valve prosthesis 10 within tube 251 &om being 
pulled back with tube 251, so that engagement arms 22 are released and flare out laterally 
into the sinuses. At this stage of the implantation procedure, proximal skirt 32 of 

25 proslJiesis 10 remains in delivery catheta: cap 252. 

As shown in Fig. 9C, at the next step of fee implantation procedure, delivery 
catheter cap 252 is pushed in the direction of the apex of the heart (as shown by an arrow 
257), using a retrograde delivery catheter cap shaft 253 that passes through tube 251 and 
prosthesis 10. This advancing of cap 252 frees proximal skirt 32 to sn^ or spring open, 
30 and engage the inner surfece of LVOT 180. Barbs 120, if provided, pierce or protrude 
into the aortic annulus on the left-ventricular side of the native valve. Retrograde delivery 
catiieter tube 251 is further pulled back until the rest of valve prosfeesis 10 is released 
fiom the tube, as shown in Fig. 9D. 
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Retrograde deKvery catheter tube 251 is again advanced over shaft 253 toward the 
apoK. of the heart, until tahe 25 1 rgoins cap 252, as shown in Fig. 9E. Retrograde delivery 
ca&eta: 250 and guidewiie 190 are withdrawn fiom left ventricle 157, ^d then from 
ascending aorta 1 60, leaving proslhesis 1 0 in place, as shown in Fig. 9F. 

5 Figs. lOA and lOB show valve prosthesis 10 in open (systolic) and closed 

(diastolic) positions, respectively, in accordance with an embodiment of the prraent 
invention. For clarity of illustration, the surrounding anatomy is not shown in the figure. 
CoU^ible pliant material 105 of valve 104 opens during systole and closes during 
diastole, because of the fluid fijrces applied thereto by the blood flow and the pressure 

10 difference between the left ventricle and the aorta. Alternatively, valve 104 comprises 
one or more rigid components, such as rigid leaflets, for example as described in US 
Patent 6.312,465 to Cirifim et aL or US Patent 5,908,451 to Yeo, both of which are 
incorporated herein by reference. Although prosthesis 10, including valve 104, is shown 
m tbe figures as defining a single fiow field Iberethrough, for some applications the 

1 5 prosthesis and valve are craifigured so as to define a plurality of flow fields therethrough, 
such as shown in several figures of the '451 patent to Yeo (e.g.. Figs. 1-3 thereof). 

Reference is made to Figs. IIA-D, which illustrate several configurations for 
axially coupling valve prosthesis 10 to aortic annulus 182, in accordance wifli respective 
embodiments of the present invention. For clarity of illustration, tiiese figures show a 
20 spread view of the native valve, viewed fiom a central axis of the native valve, with native 
aortic valve leaflets 158 cut longitudinally and pulled to the sides. 

In the configuration shown m Fig. 1 lA, proximal skirt 32 of valve prosthesis 10 is 
shaped so as to define a single haxb 120 ft)r each leaflet 158, such that the barbs are 
generally centered with respect to the leaflete and engagement arms 22. In the 
25 configuration shown in Fig. IIB, the proximal skdrt is shaped so as to define a pair of 
barbs 120 for each leaflet 158. 

In the configuration shown in Fig. IIC, each engagement arm 22 comprises at 
least one proximal spike 192, which typically protrudes fi:om a most proximal region of 
the engagement arm (i.e., flie portion of the engagement arm closest to the apex of tibte 
30 heart). Spikes 192 penetrate aortic annulus 182 fiom the aortic side, until the spikes exit 
the annulus on the left-ventricular side, and eng^ respective barbs 120 on the- left- 
ventricular side. 
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In the configuration shown in Fig. IID, barbs 120 penetrate aortic annulus 182 
&om the left-ventricular side theareof, until the barbs exit the annulus on the aortic side, 
and are coupled to respective eng^ement arms 22 in respective sinuses. For example, the 
ends of the barbs may be shaped as hooks, in order to hook around proximal regions of 
5 engagement arms 22. 

Reference is made to Figs. 12A-G, which illustrate a holding device 200 for 
holding valve prosthesis 10 prior to tiie implantation of the prosthesis, in accordance with 
an embodiment of the present invention. Valve prosthesis 10 is loaded into delivery tube 
202 fiom holding device 200, as is described hereinbelow with reference to Fi^. 13A-D, 
10 During an implantation procedure, delivery tube 202 is advanced into an overhxbe or 
trocar, such as overtube or trocar 150, described hereinabove with reference to Figs. 5A- 
C. 

Figs. 12A and 12B illustrate outer and sectional views, respectively, of holding 
device 200, in accordance with an embodiment of Ihe present invenition. For some 
15 applications, holding device 200 is shaped so as to define a conical portion 204 and a 
tubular portion 206. Holding device 200 comprises, fas: example, plastic. 

Fig. 12C shows valve prosthesis 10 loaded in holding device 200, in accordance 
with an embodiment of the present inventioiL The proximal cad of valve laosthesis 10 is 
typically fully compressed within tubular portion 206, while collapsible pliant material 
20 105 is in at le^t a partially open position within conical portion 204, so as not to deform 
the typically delicate material of the valve. The proximal tod of the prosthrais is 
optionally coi5>led to a device holder 208. 

Figs. 12D and 12E show a configuration of device holder 208, in accordance with 
an embodiment of the present invention. In this configuration, device holder 208 is 
25 sh^ed so as to define one or more &male coupling openings 209, to which corresponding 
male coupling members 218 of valve prosthesis 10 are releasably coupled. For example, 
proximal portion 34 of proximal skirt 32 (Figs. 1 and 2B) may be shaped so as to define 
male coupling members 218. (For clarity of illustration, proximal skirt 32 is not sObown in 
Fig. 12E.) For some applications, the genders of the coupling elements are reversed. 

30 Fig. 12F illustrates holding device 200 in storage, in a jar 210 containing, a . 

preservation fhiid 212 such as ghitaraldehyde solution. For some applications, holding 
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device 200 is held iq)right by a holder 214. The contents of the holding device 200 are 
typically kept in preservation fluid 212 at all times, and jar 210 is sealed by a cover 216. 

Fig. 12G illustrates the removal of holding device 200 fiom storage jar 210 prior 
to loading valve prosthesis 10 into delivery tube 202, in accordance witii an embodiment 
5 of the present invention. Holding device 200 and its contents are typically washed prior 
toloadic^ 

Reference is now made to Figs. 13A-D, which iUiistrate the loading of valve 
prosthesis 10 into delivery tube 202 from holding device 200, in accordance with an 
embodiment of the present invention. As shown in Fig. 13A, a distal end of a central 
10 delivery shaft 222 includes a device holder connector 220. Device holdea: connector 220 
is removably coTq)led to device holder 208, winch is coupled (e.g., fixed) to valve 
prosthesis 10. For example, 6em.c& holder connectoi 220 and device holder 208 may 
comprise mating, screw-lSireaded male and female connectQis. 

As shown in Fig. 13B, retraction, to the in Hie figure^ of central deUvery shaft 
15 222 pulls valve prosthesis 10, which is at least partially compressed, into deliveiy tube 
202. As shown in Fig. 13C, valve prosthesis 10 is pulled into deliveiy tube 202. Valve 
prosthesis 10 is placed in delivery tube 202 such that engagement arms 22 extend ■Scorn 
delivery tube 202, and thus are firee to flare outwards radially, as shown in Fig. 13D. (The 
engagement arms are constrained fix>m flarktg outwards during the initial steps of an 
20 implantation procedure by an overtube or trocar into which delivery tube 202 is inserted, 
such as overtube or trocar 150, described hereinabove with re&ieiQoe to F^ 5A-C.) 

Although valve prosthesis 10 has been generally described herein as being 
implantable in an aortic valve, in some embodiments of the present invention tlws valve 
prostbesis is configured to be placed in another cardiac valve, such as a mitral valve, 
25 tricuspid valve, or piihnonary valve (such as described hereinbelow with le&rence to Fig. 
14), or in a venous valve. As used herein, including m the claims, "proximal" and 
"upstream" mean the side of the native or prosthetic valve closer to incoming blood flow, 
and '^distal" and "downstream" mean liie side of the native or prosthetic valve closer to 
outgoing blood flow. 

30 Reference is made to Fig. .14, vMch is a schematic illustration of a fiilly-- 

assembled valve |»:osthesis 300 placed in a pulmonary valve 310, in accordance with an 
embodiment of the present invention. Valve prosthesis 300 is generally suniOar to valve 
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prosthesis 10, described herein witb reference to Figs. 1-13D and 16A-17, with 
appropriate modifications, such as size, for placement in piilmonary valve 310. Valve 
prosfiiesis 300 comprises two portions that are configured to axialiy sandwich the native 
pulmonary valve complex fiom right-ventricular 312 and pulmonary trunk 314 sides 
5 tiiereof 

Reference is made to Fig. 15, i^^iich is a schematic anatomical illustration showing 
the location of a native valve complex, in accordance with an embodimeiit of the present 
invention. As used herein, including in Ihe claims, the "native valve complex" includes 
the area demarcated, by a box 320, which includes native aortic valve leaflets 158, native 
10 valve annulus 182, subvalvular tissue 322 on the left-ventricular side, and the lower half 
of &e aortic suiuses 164 (i.e., up to the top of box 320). 

Reference is made to Figs. 16A-H, which schematically illustrate another 
transfqpical tecfanique for implanting valve prosthesis 10 (in addition to Ihe transapical 
approach described hereinabove with reference to Figs. 5A-8A), in accordance with an 
1 5 embodiment of the present invention. Prior to the implantation procedure, prosthesis 1 0 is 
positioned in a transapical delivery catheter 350, as shown in Fig. 16H. A transapical 
deliveiy tube 351 of catheter 350 holds proximal aJdrt 32, and a transapical delivery cap 
352 holds the distal end of the valve. 

The implantation procedure begins with insertion of catheter 350 through an apex 
20 of Ihe heart, into left v^tiicle 157. For example, the apex may be punctured using a 
standard Seldinger technique. A guidewire 390 is advanced through catheter 350 mto 
ascending aorta 160, as shown in Fig. 16A. Optionally, aortic valve 140 is partially 
dilated to about 15-20 mm (e.g., about 16 mm), typically using a standard valvuloplasty 
balloon catheter. 

25 Catheter 350 is advanced over guidewire 390 through native ^rtic valve 140, into 

ascendmg aorta 160. Deliveiy cap 352 is advanced further into the ascending aorta, by 
p ushing with delivety cap shaft 353. The advancement of the delivery cap releases 
engagement arms 22, which flare out laterally, as shown in Fig. 16B. Catheter 350 is 
withdrawn towards the ventricle, thereby positioning engagement arms 22 in the sinuses, 

30 as shown in Fig. 16C. (Altiiough engagement aims 22 are shown in Fig. 16C as being in 
contact with the sinus floors, for some ^plications Ihe engagement arms do not come in 
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ccmtact wilii the sinus jQoors, such as descdbed hereinabove wifh reference to Fig. 7B.) 
At this stage of the implantation procedure, proximal skirt 32 rooaains in tube 351. 

Alternatively, catheter 350 is placed witiiin an overtube (not shown), similar to 
overtube or trocar 150 (Figs. 5A-6B), and in such a configuration the engagement arms 
5 may be released either by pulling back of the overtube, or by the pushing forward of 
delivery end 352. 

At the next step of the implantation procedure, tube 351 is withdrawn m the 
direction of the apex of the heart. Delivery cap shaft 353 prevents cap 352 from being 
withdrawn mOi tube 351 (Fig. 16H). As a result, proximal skirt 32 is freed from tube 35 1 
10 to snap or spring open, and engage the inner suc&ce of LVOT ISO. Barbs 120, if 
provided, pierce or protrude into the aortic annulus on the left-ventricular side of the 
native valve. It is noted fhat cap 352 remains in place until aft«: proximal skiit 32 opens. 
Blood flow thus cannot wash the skirt downstream during tibe in^lantation procedure. 

Cap 352 is advanced further into the ascending aorta by pustiing on delivery cap 
15 shaft 353, thereby releasing the rest of valve prosthesis 10 torn cap 352, as shown in Fig. 
16E. Delivery tube 351 is advanced over shaft 353 through aortic valve 140, until tube 
351 rejoins cap 352, as shown in Fig. 16F. Delivery catheter 350 is withdrawn into the 
left ventricle, as shown in Fig. 16G, and then from the heart, along with guidewire 390. 
Prosthesis 1 0 is left in place, completing the implantaticn procedure. 

20 Reference is made to Fig. 17, which is a schcmalic illusfaration showing a shape of 

engagement arms 22, in accordance with an embodiment of the present invention. In the 
figure, outer support structure 14 is shown placed on an abstract geometric form 400 for 
clarity of illustration of the sh^ of the structure. As can be seen, in this embodiment 
engagement arms 22 have a shape that is generally upwardly concave (except at the 

25 junctures), i.e., concave in a downstream direction. In mathematical terms, this ^hape can 
be characterized by iiie function z''(r) > 0, where z is the hei^ at any given point on one 
of engagement arms 22 (e.g., point P), and r is the distance from the z-axis to the given 
point. (It is understood that the arms may be shaped so as to include one or more 
relatively short sections that are iq>wardly convex (i.e., z"(r) < 0), but that the general 

30 shape of the arms is upwardly concave.) 

For some applications, engagement aims 22 are sh^ed such that at least a portion 
of &e arms is parallel to the longitaidinal axis of outer support structure 14. 
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In en embodimoit, the shape of the arms is characterized by Ihe function z"(r) <= 
0, i.e.j the general sha{)e5 of the arras is not upwardly concave. 

As used herein, including in the daims, the "ascending aorta" includes the aortic 
root (sinitses) and the tubular portion above the root. 
5 Although valve prosthes^ 10 and 300 have beea described herein as comprising a 

' valve, for some applications the prostheses do not comprise valves. 

The scope of the present invention includes embodiments described in llie 
following iq)plicatioiis» 'w^dch are assigned to the assignee of the present application and 
are incorporated herein by reference. In an embodiment, techniques and apparatus 
10 descaibed in one or more of the following ^plications are combined with techniques and 
apparatus described herein: 

• US Patent Application 11/024,908, filed December 30, 2004, entitled, 
"Fluid flow prosthetic device." v^^ch public as US Patent Application 
PubUcadon 2006/0149360; 

15 • International Patent Application PCT/IL2005/001399, filed December 29, 
2005, entitled, "Fluid flow prosthetic device," which published as PCT 
Publication WO 06/070372; and/or 

• International Patent Application PCT/1L2004/000601, fded July 6, 2004, 
entitled, "Implantable prosflietic devices particularly for transarterial 

20 delivery in the treatment of aortic stenosis, and methods of implanting 

such devices," which published as PCT Publication WO 05/002466, and 
US Patent Application 10/563,384, filed April 20, 2006, in the national 
stage thereoi^ which published as US Patent AppUoation Publication 
2006/0259134. 

25 It will be appreciated by persons skilled in the art that the present invention is not 

limited to what has been particularly shown and described haeinabove. Rather, the scope 
of the present invention includes both combinations and subcombinations of the various 
features described hereinabove, as well as variations and modifications thereof that are not 
in the prior art, whidi would occur to persons sikilled in the art upon reading the foregomg . 

30 description. 
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CLAIMS 

1 . Apparatus comprising a prosthesis for inrplantation at a native semilTinar valve of 
a native valve complex of a subject, the native valve coi3:^>lex having semilunar sinuses 
and native conmiissures, the prosthesis comprising: 

5 a distal fixation member, configured to be positioned in a downstream artery of the 

subject selected from the group consisting of: an ascending aorta, and a puhnonaiy trunk, 
and shaped so as to define exactly Hsrec proximal engagement aims that are configured to 
be positioned at least partially within respective ones of Has semilunar sinuses, and, in 
combination, to apply, to tissue that defines the semilunar sinuses, a first axial force 

1 0 directed toward a ventricle of ibis subject; and 

a i^oximal fixation membra: coupled to Ihe distal fixation member, the proximal 
fixation member configured to be positioned at leaat partially on a ventricular side of the 
native semilunar valve, and to apply, to the ventricular side of flie native valve complex, a 
second axial force directed toward the downstream artery, such that application of the jEirst 

1 5 and second forces couples the prosthesis to the native valve complex. 

2. The £5>paratus according to claim 1, wherein the native semilunar valve includes a 
native aortic valve, wherein the downstream artery includes Ihe ascending aorta, wherein 
the semilunar suonises include respective acdic sinuses, whorein the distal fixation member 
is configured to be positioned in Ihe ascending aorta, and wbexein the proximal 

20 engagement arms are configured to be positioned at least partially within the respective 
aortic sinuses. 

3. The ^aratusaocordmg to claim 1, wherein Ihe native semilunar valve includes a 
native pulmonary valve, ^^raein the downstream artery includes the pulmonary trunk, 
wherein the semilunar sinuses include respective pulmonary sinuses, wherein tiie distal 

25 fixation member is configured to be positioned in the pulmonary trunk, and wherein the 
proximal eagagement arms are configured to be positioned at least partially within the 
respective pulmonary sinuses. 

4. The apparatus according to claim 1, wherein the distal and proximal fixation 
members are configured to coi^le the prosthesis to the native valve complex by axially 

30 sandwiching the native valve complex &om a downstiBam side and the ventricular side 
thereo:^ upon inrplantation of the prosthesis. 
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5. The apparatus according to claim 1, wherein the distal fixation mmber does not 
press upon the native commissures upon implantation of Uie prosthesis- 

6. The apparatus according to claim 1, wherein the prosthesis is conjBgured to apply a 
radial force of less than 0.5 pounds outwardly against the native semilunar valve. 

5 7. The apparatus according to claim 1, wherem the prosthesis is conf^ured to apply 
the fhrst axial foice with a force of at least 40 g during diastole. 

8. The apparatus according to claim 1, wherein the prosthesis is configured to apply 
the second axial force with a force of at least 1 g during systole. 

9. The apparatus according to claim 1, wherein the prosthesis is configured snic^ . 
10 any radial force applied by the prosthesis outwardly against the native semilunar valve is 

insufficient by itself to chronically maintain the prosthesis in position with respect to the 
native valve complex under conditions of normal cardiac motion. 

10. The apparatus according to claim 1, wherem the prosthesis is configured, upon 
implantation thereof to embrace^ without squeezh^ leaflets of Ihe native semilunar 

15 valve. 

11. The apparatus according to claim 1, wheiein Ihe distal fixation member is 
configured to be positioned in the downstream artety during an implantation procedure 
before liie proximal fixation member is positioned at least partially on the ventricular side 
of the native valve complex. 

20 12. The apparatus according to claim 1, wherein the distal fixation member is 
configured such that it does not fold over leaflets of the native semilunar valve i^pon 
implantation of tiie prosthesis. 

13. The apparatus according to claim 1, v^iierein the distal fixation member is 
configured such that it does not push leaflets of the native semilunar valve towards 

25 semilunar sinus fioors of the native valve complex upon implantation of the prosthesis. 

14. The apparatus according to claim 1, wherein each of the proximal engagement 
arms is shaped so as define at least one trough that is configured to be positioned at least 
partially within a respective one of the semilunar sinuses. 

15. The apparatus according to claim 1, 

3 0 wherein the three engagement arms meet one another at three respective junctures, 
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whiereia the engagemeEit aims are shaped so as ddSne tibiee peak complexes at the 
three respective junctures, and tiiree trough complexes, each of v\*dch is between two of 
the peak coinplexes, and 

wherean, upon im^jlantalion of the prosthesis, at least a portion of each of the peak 
5 complexes is disposed distal to and in rotational alignment witii a respective one of the 
native commissnres of the native semilunar valve, and each of the trough complexes is 
disposed at least partially wifliin the respective one of the semUunar sinuses. 

16. The apparatus according to daim 1, wherein the engagement arms are configured 
to be positioned, during an implantation procedure, at least partially within ihe respective 
10 ones of the semilunar sinuses before the proximal fixation member is positioned at least 
partially on the ventricular side of the native valve oampleK, such that the engagement 
arms prevent leaflets of Ihe native valve complex fiom opening more than a 
predetermined desired amount, the opening being because of force ^plied by the 
proximal fixation member to the leaflets. 

15 17. The f^paiatus according to claim 1, wherein the proximal fixation member is 
configured to be positioned at least partially in a ventricle of the subject upon 
implantation of the prosthesis. 

18. Hie apparatus according to claim 1, '\^erein the prosthesis is configured to less 
than fully open leaflets of the native valve complex when the prosthesis is inq)ianied at 

20 the native semilunar valve complex. 

19. The apparatus according to daim 1, wherein the distal fixation member is 
configured to elevate leaflets of the native semilunar valve fiom within the semilunar 
sinuses upon implantation of the prosthesis. 

20. The ^paratus according to claim 1, in^ierein the distal fixation member is 
25 configured to apply the first axial force to respective roots of one or more leaflets of the 

native valve complex. 

21. The apparatus according to claim 1, wherdn the distal fixation member is 
configured to ^ly the first axial force to respective transitions between respective 
semilunar sinus floors and one or more leaflets of the native valve complex. 

30 22. The apparatus according to any one of claims 1-21, wherein Ihe prosthesis is 
configured to apply the first axial force such that a ratio of (a) the first axial force to (b) a 
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radial force ^plied outwardly by liie prosthesis against the native seoiiliuiaT valve is 
greater than 1.5:1. 

23. The apparatiK according to claim 22, wherein liie prosthesis is configured to apply 
the first axial force such that the ratio is greater than 3:1. 

5 24. Hhe apparatus according to daim 23, 'vs^reia the prc^thesis is configured to apply 
the first axial force such that tlie ratio is greater than 6:1. 

25. The apparatus according to any one of cMms 1-21, wherein Ihe prosthesis is 
configured to ^ply the second axial force such Hiat a ratio of (a) the second axial force to 
(b) a radial force applied outwardly by ihe prosthesis against the native semilunar valve is 

10 greats than 1.5:1. 

26. The apparatus according to claim 25, wherein tiie prosthesis is configured to apply 
tiie second axial force such that the ratio is greater than 3:1. 

27. The ^jparatus according to claim 26, vAtesein the prosthesis is configured to apply 
the second axial force such that the ratio is greater than 6:1. 

15 28. The apparatus according to any one of claims 1-21, wherein the prosthesis 
comprises a prosflietic valve configured to assume a closed position during diastole and an 
open position during systole. 

29. The apparatus accordii^ to claim 28, wherein the prosthetic valve comprises a 
collapsible pliaril material, configured to assume the open and closed positions. 

20 30. The apparatus according to claim 28, wherein the distal and proxunal fixation 
members and the prosthetic valve are configured to define a single flow field tittougji the 
distal and proximal fixation members and &e prosthetic valve. 

31. The apparatus according to claim 28, vriberein the distal and proximal fixation 
members and the prosthetic valve are configured to define a plurality of flow fields 

25 ilm^ugh the distal and proximal fixation members and the prosthdi 

32. Hie apparatus according to claim 28, wherein the prosthetic valve compiises one 
or more prosthetic leaflets, and wherein the prosthetic valve is cottpled to the prostiiesis 
such ihat at least 50% of an axial lengtii of tiie prosthetic leaflets is distal to native valve 
leaflets of the native semilunar valve upon implantation of the prosthesis. 
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33. The ^aratus according to any one of claims 1-21, wherein tbe distal fixation 
member is configured to apply the jSrst axial force to one or more semilunar simis floors 
of the native valve complex. 

34. The apparatus according to claim 33, wherein the distal fixation member is 
5 configured not to apply force to leaflets of flie native semilimar valve. 

35. The ^paratus according to any one of claims 1-21, vidierein the proximal fixation 
member is shs^ed so as to define at least one barb configured to apply a barb force to the 
ventricular side of the native valve complex. 

36. The apparatus according to claim 35, wherein the at least one barb is configwied to 
10 pierce the ventricular side of the native valve complex. 

37. The apparatus according to daim 35, wherein the at least one baib is configured to 
protrude into tissue of iJie ventricular side of the native value complex, without piercmg 
the tissue. 

38. The apparatus according to claim 35, whraein tiie distal fixation member is shaped 
15 so as to define at least one mating barb, and wheiein the at least one barb of the proximal 

fixation member is oonfigu^ to engage the at least one mating baib, so as to help hold 
the prosthesis in place. 

39. The apparatus according to any one of clahns 1-21, wheiein the proximal and 
distal fixation members are coll^sibie. 

20 40. The apparatus according to claim 39, wherein the distal fixation member is 
configured to be positioned, during an implantation procedure, in the downstream artery 
while collapsed, and to be expanded befiire the proximal fixation member is positioned at 
least partially on the ventricular side of the native valve complex. 

41. Hie apparatus according to claim 39» comprising at least one tube selected fiom 
25 the group consistmg of: an overhibe and a trocar, wfaeasin the proximai and distal fixafiou 

members are configured to be stored in the selected tube v^hile collapsed, and to expand 
upon being deployed j&om the selected tube. 

42. The apparatus accordmg to any one of claims 1-21, wheteia the pwMdnial fixation 
memba- coniprises an inner support structure, and wherein the distal fixation member 

30 comprises an outer support structure that is placed partially over the inner support 
shiicture. 
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43. The apparatus according to claixn 42, wherein the outer support stracture is shaped 
so as to define exactly three distal diverging stmt supports, from which respective ones of 
the proximal engagement arms extend radially outward. 

44. The apparatus according to claim 43, wherein the prosthesis is configured such 
5 that, upon irr^lautation at the native valve complex, the engagement arms are aligned by 

rotation with respective ones of the semilunar sinuses. 

45. The apparatus according to daim 44, wherein Ihe prosthesis is configured such 
that, upon implantation at the native valve complex, the stmt supports are aligned wiHi 
respective ones of title native commissures. 

10 46. The ^aratus according to daim 43, 

TsiieFem the prosthesis is configured such that, upon implantatian at the native 
valve con^lex, the engagement anas are aligned by rotation with respective ones of the 
semilunar sinuses, and 

wherein the prosthesis is configured such that the en^ement arms self-aligQ 
15 themselves by ration during implantation of the prosthesis at the native valve complex. 

47. The apparatus according to daim 42, whorein the inner support stnK^^ 
so as to define a plurality of distal diverging inner struts. 

48. The apparatus according to claim 42, wherem the inner si^ort structure is shaped 
so as to define a bulging proximal skirt, a proximal portion of which is configured to 

20 apply the second axial force. 

49. Hie apparatus according to claim 48, wherein the prostitesis comprises a graft 
covering Hiat covers at least a portion of the skirt 

50. The apparatus according to claim 48, wherein the inner support structure is shaped 
so as to define a plurality of distal divergiiig inner struts, and wherein the skirt extends 

25 £tom 1}ie inner stmls. 

5 1 . The ^aratus according to daim 50, wherein the outer support structure is shtqied 
so as to define exactiy three distal diverging strut supports, from which respective ones of 
the proximal engagement arms extend radially outward, and wherein each of the strut 
siqsports is positioned over a respective one of tiie hmer struts. 

30 52. Hie apparatus according to daim 51, vAierein Ihe engagement arms are positioned 
over a portion of the skirt. 
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53. The apparatus according to claim 51, wheidn the prosthesis con^itises a valve 
comprising a collajpsible pliant material, configured to assume a closed position during 
diastole and an open position during systole, vAerein the pliant material comprises a 
plurality of segments, at least two of which are coupled together by one of the stmt 
5 supports and its respwtive one of the iimer struts. 

Apparatus comprising a prosthesis for implantation at a native saaoiiunar valve of 
a native valve complex of a subject, the prosthesis comprising: 

a distal fixation memba, configured to be positioned in a downstream artery of the 
subject selected from the groi^ consisting of: an ascending aorta, and a pulmonary trunk, 
10 and to apply, to tissue that defines one or more seanilunar sinuses of fiie natLve valve 
complex, a first axial force directed toward a ventricle of the subject; and 

a proximal fixation member coiqjled to the distal fixation member, the proximal 
fixation member configured to be positioned at least partially on a ventricular side of the 
native semilunar valve, and to ^ply, to the ventricular side of the native valve complex, a 
15 second axial force directed toward the downstream arteiy, sudi that application of the first 
and second forces couples the prosthesis to the native valve compleac. 

55. The apparatus according to claim 54, wherein the native semilunar valve includes 
a native aortic valve, wherein 'the dovmstream artery includes the ascending aorta, 
wherein the semilunar sinuses mclude respective aortic sinuses, and wherein the distal 

20 fixation member is configured to be positioned in the ascending aorta, and to apply the 
first axial force to the tissue that defines the one or more aortic smuses. 

56. The apparatus according to claim 54, wherein the native semilunar valve includes 
a native puhnonary valve, wherein the downstream artery includes the pulmonary trank, 
wherein the semilunar sinuses include respective puhnonaiy sinuses, and wJierein tile 

25 distal fixation member is configured to be positioned in the puhnonaiy trunk, and to apply 
tJie first axial force to the tissue that defines the one or more puhnonary sinuses. 

57. The apparatus according to claim 54, wherein the distal and proxunal fixation 
members are configured to couple the prosttiesis to the native valve complex by axially 
sandwichmg the nadve valve complex &om a downstream side and fiie ventricular side 

30 thereof upon implantation of the prostiiesis. 
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58. The apparatus according to claim 54, wherein the distal jSxation member does not 
press tipon native valve commissures of the native semilunar valve upon implantation of 
the prosthesis. 

59. Tbe apparatus according to claim 54, wherein the prosthesis is configured to apply 
5 a radial force of less than 0.5 pomids outwardly against the native semilunar valve. 

60. The sqjparatus according to claim 54, wherein the prosthesis is configured to apply 

the first axial force with a force of at least 40 g during diastole. 

6 1 . The apparatus according to claim 54, wherein the prosthesis is configured to apply 
the second axial force with a force of at least 1 g during systole. 

10 62. Hie apparatus according to claim 54, wherein the prosthesis is configured such 
tiiat any radial force applied hy the prosthesis outwardly against the native semilunar 
valve is insufficient by itself to chronically maintain fee prosthesis in position with 
respect to the native valve complex under conditions of nonnal cardiac motion. 

63. The ^paxatus according to daim 54, whexein the prosthesis is configured, upon 
15 implantation thereof, to emfaracei, without squeezing, leaflets of the native semilunar 

valve. 

64. The ^paratus according to claim 54, l^^teein the distal fixation member is 
configured to he positioned in the downstream artery during an hnplantafion procedure 
before the proximal fixation member is positioned at least partially on the ventricular side 

20 of the native valve oon^)lex. 

65. The apparatus according to claim 54, \^erein the distal fixation membeor is 
configured such that it does not fold over leaflets of the native semilunar valve upon 
implantation of Hie prosthesis. 

66. The apparatus according to claim 54, wherein the distal fixation member is 
25 configured such that it does not push leafiets of the native semilunar valve towards 

semilunar sinus floors of the native valve complex upon implantation of the prosfiiesis. 

67. The apparatus according to claim 54, vrfierein the prosthesis is configured to less 
than fully apea leaflets of the native valve complex ytbm the prosthesis is implanted at 

■ . the native valve complex. • 
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68. The ^paratus according to claim 54, wherein the distal fixation member is 
configured to apply Hie first axial force to respective roots of one or more le^ets of the 
native valve complex. 

69. The apparatus according to claim 54, whaein the distal fixation member is 
5 configured to E5)ply the first axial force to respective transitions between respective 

se milun a r sinus floors and one or more leaflets of the native valve complex. 

70. The ajyparatus accoidiag to claim 54, wiiercin Has proximal fixation member is 
configured to be positioned at least partially in a ventricle of the subject upon 
implantation of the prosthesis. 

10 71. The apparatus according to any one of claims 54-70, ydiscein the prosthesis is 
configured to ^ly the first axial force such that a ratio of (a) the first axial foxce to (b) a 
radial force applied ou^waFdly by the prosthesis against the native semilunar valve is 
greater than 1.5:1, 

72. The apparatus ^cordipg to claim 71, 'wherein ibs prosthesis is configured to a;pply 
15 the first axial force such that the ratio is greater than 3 ; 1 . 

73. The apparatus according to claim 72, wherein the prosthesis is configured to apply 
the first axial force such Ifaat 1}ie ratio is greater than 6: L 

74. The apparatus accorctijig to any one of claims 54-70, -wh&reia. the prosthesis is 
configured to apply the second axial foroe swch that a ratio of (a) the second axial force to 

20 (b) a radial force applied outwardly by the prostiiesis against the native semilunar valve is 
greater than 1.5:1. 

75. The apparatus aoooidiiig to claim 74, wherein the pros&esis is configured to apply 
the second axial force such that the lado is greater than 3:1. 

76. The apparatus according to claim 75, whea:eia the prosthesis is configured to apply 
25 the second axial force sudhthatlhe ratio is gceatertfaan 6:1. 

77. The ^aratus according to aiiy one of claims 54-70, wherein the prosthesis 
comprises a prosthetic valve configured to assume a closed position during diastole and an 
open position during systole. 

78. The apparatus according to claim 77, wherein the prosthetic valve comprisjBs a 
30 collapsible pliant material, configured to assume the opeai and closed positions. 
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79. Hie apparatus according to claim 77, wherein the distal and proximal fixation 
members and the prosthetic valve ate configured to define a single flow field throu^ the 
distal and proximal fixation members and the prosthetic valve. 

80. The apparatus according to claim 77, wherem the distal and proximal fixation 
5 members and the prosthetic valve are configured to define a plurality of flow fields 

through the distal and proximal fixation members and the prosthetic valve. 

81. The ^)paratus according to claim 77, wherein ihe prosthetic valve comprises one 
or more prosthetic leaflets, and ^n^ierein Ihe prosthetic valve is ooiqjled to the pros&esis 
such that at least 50% of an axial length of ihe prosthetic leaflets is distal to native valve 

10 leaflets of the native semilunar valve upon implantation of the prosthesis. 

82. The apparatus according to any one of claims 54-70, wherein the distal fixation 
memb^ is configured to apply the first axial force to one or more semilunar sinus floors 
of the native valve complex. 

S3. The apparatus according to claim 82, vtdierein the distal fixation member is 
1 5 configured not to ^ly force to leaflets of the native semilunar valve. 

84. The apparatus according to any one of claims 54-70, wherein the distal fixation 
member is shaped so as to define one or more proximal engagement arms that are 
configured to be positioned at least partially vriliiin respective ones of the semilunar 
sinuses, and, in combination, to apply the first axial force. 

20 85. The apparatus according to claim 84, wherein the distal fixation maoaber is shaped 
so as to define exactiy three proximal engagement aims. 

86. The apparatus according to claim 85, vAierein each of Ihe psoximal engagement 
aims is shaped so as define at least one trough that is configured to be positioned at least 
partially wiMot a respective one of tiie semilunar sinuses. 

25 87. The apparatus according to claim 85, 

wherein the Ihree engagement arms meet one another at three respective junctures, 
wherein the eng^ement arms are shaped so as define three peak complexes at the 
three respective junctures, and three trough complexes, each of which is between two of 
the peak complexes, and 
30 i^iierein, upon implantation of the prosthesis, at least a portion of each of the peaks 

is disposed distal to and in rotational alignment with a respective native commissure of 
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the native semilunar valve, and each of the troo^ complexes is disposed at least partially 
within the respective one of the semilunar sinuses. 

88. The apparatus according to clahn 84, wherein the distd 
so as to define exactly two proximal esgagement arms. 

5 89. The ^pparahis according to claim 84, vrfaerdn the engagement arms are configured 
to be positioned, during an implantation procedure, at least partially within the respective 
ones of the s emihma r sinuses before the proximal fixation member is positioned at least 
partially on the ventricular side of the native valve complex, such that the engagement 
amis prevent leaflets of the native valve complex from opening more than a 
10 predetermined desired amount, the opening being because of force applied by the 
proximal fixation membea: to the leaflets. 

90. The apparatus according to any one of claims 54-70, wherein the proximal fixation 
member is shsp^ so as to define at least one baib configured to apply a barb force to the 
ventricular side of the native valve complex. 

15 91. The apparatus according to daim 90, vi^erein the at least one barb is configured to 
pierce the ventricular side of the native valve coniplex. 

92. The ^yparatus according to claim 90, wherein the at least one barb is configured to 
protrude uito tissue of the ventricular side of llie native value complex, without piercing 
the tissue. 

20 93. The apparatus according to claim 90, wherein the distal fixation membra: is shaped 
so as to define at least one mating barb, and y/bexsm the at least one barb of the proximal 
fixation member is configured to engage the at least one mating barb, so as to help hold 
the prosthesis in place. 

94. The sqjparatus accordmg to any one of daims 54-70, wherein the proximal and 
25 distal fixation members are collapsibie. 

95. The apparatus according to claim 94, wherein the distal fixation member is 
configured to be positioned, during an knplantatiion procedure, in the downstream artery 
while collapsed, and to be expanded before the proximal fixation member is positioned at 
least partially on the ventricular side of the native valve complex. 

30 96. The apparatus accordiug to claim 94, coicprising at least one tube selected &am 
ttie groiip consistmg of: an overtube and a trocar, wherein the proximal and distal fixation 
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members are configured to be stored in the selected tube vM& collapsed, mi to expand 
upon being deployed from the selected tube. 

97. Hie apparatus according to axiy one of claims 54-70, wherein the proxiinal fixation 
member conqmses an inner support structure, and wherein the distal fixation member 

5 comprises an out^ support structure that is placed partially over the inner support 
structure. 

98. Ths apparatus according to claim 97, wherein the outer support structure is shaped 
so as to define a plurality of distal diverging stmt supports, fiom which a plurality of 
proximal engagement arms extend radially outward. 

10 99. The ^paratus according to claim 98, vyiierein the prosthesis is configured such 
that, upon implantation at the native valve complex, the engagement aims are aligned hy 
rotation with respective ones of fee semilunar sinuses. 

ICQ. The ^paiatus according to claim 99. wherein Ihe prosthesis is configured such 
that, upon implantation at the native valve complex, the strut supporte are aligned with 
15 respective commissures of the native valve complex. 

101. The apparatus according to claim 99, wherein the prosthesis is configured sudi 
that the engagement arms self-align themselves by rotation during implantation of the 
pcosfliesis at the native valve complex, 

102. The ^paratus according to claim 97, v^nerein the inner support structure is shaped 
20 so as to define a plurality of distal diverging inner struts. 

103. The apparatus according to claim 97, wherein the inner support structure is shaped 
so as to define a bulging pirodmal skkt, a proximal portion of T^iiich is configured to 
£^ply the second axial force, 

104. The apparatus according to claim 103, ^nteein the prosthesis comprises a graft 
25 covering that covers at least a portion of the skirt. 

105. The apparatus according to claim 103, -wrfherein the innea: support structure is 
shaped so as to define a pluraliiy of distal diverging inner struts, and wherein the skirt 
extends fiom the inner struts. 

106. The j^aiatus according to claim 105, wherein the outer support structure is 
30 shaped so as to define a plurality of distal diverging strut supports, from which a plurality 
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of proximal engagement arms extend radially outward, and wherein each of the stmt 
supports is positioned over a respective one of the inner struts. 

107. The appar^us acoordmg to claim 106, wherein the engagement arms are 
positioned over a portion of the skirt 

5 108. The ^aratiis according to daim 106, wherein the prosthesis comprises a valve 
comprising a collapsible pliant material, oonfiguied to assome a closed position during 
diastole and an open position during systole, and \viierein the pliant material comprises a 
plurality of segments, at least two of vMcb. are coupled together by one of the strut 
supports and its respective one of the inner struts. 

iO 109. Apparatus comprising a prosthesis for implantation at a native semilimar valve of 
a native valve complex of a subject, the prosthesis comprising: 

a distal fixation mraiber, configuzed to be positioned in a downstream aiteiy of the 
subject selected £:om the gpsap consisting of: an ascending aorta, and a pulmonary trunk, 
and to apply, to native commissures of the native semilunar valve, a first axial ft«rce 
15 directed toward a ventricle of the subject, without applying any force to native leaflets of 
the native semilunar valve, and wherein the distal fixation member is configured to 
rotationaliy align with the native semilunar valve; and 

a proximal fixation member cot^led to the distal fixation member, the pqioximal 
fixation mranber configured to be positioned at least partially on a venSricular side of tiie 
20 native valve complex, and to apply a second axial force directed toward the downstream 
artery, such that application of the first and second forces couples tihie prosthesis to the 
native valve complex by axially sandwiching the native valve complex from a 
downstream side and the ventricular side thrateo^ upon implantation of tbe prosthesis. 

110. The apparatus according to claim 109, wherein tiie native semihinar valve includes 
25 a native aortic valve, wheiein the downstream artery includes tiie ascending aorta, and 

wherein tibe distal fixation member as configured to be positioned in Hit ascending aorta, 
and to ^ly the first axial force to the native commissures of the native aortic valve. 

111. The apparatus according to claim 109, wherein the native s emilunar valve includes 
a native puhnonary valve, wherein flie downstream artery indudes the pnhnonaiy tiimk, 

•30 and wherein fee distal fixation member is configured to be positioned in the puhnonary" 
tirunk, and to ^ly the first axial force to tiie native commissures of tiie native puknonaiy 
valve. 
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112. The apparatus according to claim 109, wherein the distal fixation member is 
configured to rotationany self-^ign wifli the native semilunar valve. 

113. The apparatus according to any one of claims 109-1 12, wherem the distal fixation 
member comprises one or more engagement arms that are positioned at least partially 

5 within respective semilunar sinuses of the native valve con^lex, upon implantation of the 
prosthesis. 

114. The apparatus according to claim 113, whexein the engagement anus are 
configured to ^ly respective forces to respective floors of the semilunar sinuses, upon 
implantation of the prosthesis. 

10 115. The apparatus acconling to claim 113, wheiein the engagmient aims are 
configured not to apply any force to floors of the semilunar sinuses, upon implantation of 
Has prosthesis. 

1 16. Apparatus comprising a prosthesis for unplantation at a native semilunar valve of 
a native valve complex of a subject, the prosthesis comprising: 

15 a distal fixation member, configured to be positioned in a downstream artray of the 

subject selected fiom the groi^ consisting of: an ascending aoxta, and a pulmonary trunk, 
and to apply a first axial force directed toward a veaitricLe of the subject; aiKl 

a proxunal fixation member coupled to the distal fixation member, the proximal 
fixation member configured to be positioned at least partially on a ventricular side of the 

20 native valve complex, and to apply a second axial force directed toward the downstream 
artery, such that application of the first and second forces couples the prosthesis to the 
native valve complex by axially sandwiching the native valve complex &om a 
downstream side and Ihe ventricular side thereof, 

wherein the prosthesis is configured to apply a radial foice of less than 0.5 pounds 

25 outwardly against the native semilunar valve. 

1 1 7. The apparatus according to claim 116, wherein the native semilunar valve includes 
a native aortic valve, wherein the downstream artery includes the ascending aorta, and 
wherein the distal fixation member is configured to be positioned in the ascending aorta, 

118. The apparatus according to claim 1 1 6, wherein the native semilunar valve includes 
30 a native pulmonary valve, wherein the downstream artery includes tiie puhnonary trunk, 

and wherein the distal fixation member is configured to be positioned in the pulmonary 
trunk. 
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119. The ^c^paratus according to claim 116, wherein the distal fixaticm member does not 
press iqjon native valve conunissures of the native semilunar valve upon implatitation of 
ttie prosthesis. 

120. The apparatus acconiing to claim 116, wherein the prosthesis is configured to 
5 apply the first axial force such that a ratio of (a) the first axial force to (fa) the radial force 

is greater than 1.5:1. 

121. The apparatus according to claim 116, wherein the prosthesis is configured to 
apply the second axial force such that a ratio of (a) Ifae second axial force to (b) the radial 
force is greater than 1.5:1. 

10 122. The ^jparatus acconiing to claim 116, wherein fte prosthesis is configured to 
apply fee first axial force wilh a force of at least 40 g during diastole. 

123. The apparatus according to daim 116, wherein the prosthesis is configured to 
^ly the second axial force with a force of at least 1 g during systole. 

124. The ^aratus according to claim 116, wherein the prosthesis is configured such 
15 that any radial force appUed by the prosthesis outwardly against the native semilunar 

valve is insofOicient by itself to dux)iucally tnaintahi the prosthesis in position with 
respect to the native valve complex under conditions of n ormal cardiac motion. 

125. The apparatus according to claim 116, -whexem the prosthesis is configured, upon 
implantation thereof, to emhrajce, without squeesdng, leaflets of the native semilunar 

20 valve. 

126. The apparatus accdrdi]]^ to claim 116, wherein the distal fixation member is 
configured such that it does not fold over leaflets of the native semilunar valve upon 
implantation of the prosthesis. 

127. The apparatus according to daim 1 16, wherein the prosthesis is configured to less 
25 than My opai leaflets of the native valve complex vrtien the prosthesis is implanted at 

the native valve complex. 

128. The ^)paratus according to claim 116, wherein the proximal fixation member is 
configured to be positioned at least partially in a ventride of the subject upon 
implantation of the prosthesis. 



107 



wo 2008/035337 



PCT/IL2007/001149 



129. The apparatus according to any one of claiios 116-128, whereiri the prosthesis 
comprises a valve confignred to assume a closed positfon during diastole and an open 
position during systole. 

130. The apparatus according to claim 129, wherein the valve comprises a collapsible 
5 pliant mateiml, configured to assume the open and closed positions. 

131. The apparatus according to claim 129, Therein the distal and proximal fixation 
membere and the valve are configured to define a single flow field through the distal and 
proximal fixation members and the valve. 

132. The apparatus according to claim 129, wherein the distal and pxDximal fixation 
10 memb^ and the valve are configured to define a plurality of fiow fields through the 

distal and proximal fixation m^bers and the valve. 

133. The apparatus according to claim 129, ^^4le^ein the valve comprises one or more 
prosthetic leaflets^ and wherein the valve is coupled to the prosthesis such lhat at least 
50% of an axial length of the prosthetic leaflets is distal to native valve leaflets of the 

1 5 native semilunar valve upon hnplantation of the prosthesis. 

134. The ^)paratus according to atof one of claims 116-128, wherein the proximal 
fixation member is shaped so as to define at least one barb configured to apply a barb 
force to the vaitricular side of the native valve complex. 

135. The appasaitas accOTdmg to claim 134, wherein the at least one barb is oonfiguied 
20 to pierce the ventricular side of the native valve complex. 

136. Tb& apparatus according to claim 134, wherdn the at least one barb is configured 
to protrude into tissue of the ventricular side of the native valve complex, without piercing 
the tissue. 

137. The apparatus according to claim 134, wherein the distal fixation member is 
25 shaped so as to define at least one mating barb, and wherein the at least one barb of the 

proximal fixation member is configured to engage the at least one mating barb, so as to 
help hold the prosthesis in place. 

138. The apparatus according to any one of claims 116-128, wherein the poroximal aiul 
distal fixation members are collapsible. 

30 139. The apparatus according to claim 138, wherein the distal fixation member is 
configured to be positioned, during an implantation procedure, in the downstream artery 
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while cjollapsed, and to be eaqjanded befiMe the proximal fixation membea: is positioned at 
least partially on the ventricular side of the native valve complex. 

140. The apparatus according to claim 138, comprisiiig at least one tube selected from 
the group consisting of: an overtube and a trocar, v^teein the proximal and distd fixation 

5 members are configured to be stored in the selected tube yiMLe collapsed, and to expand 
iipon being deployed fiwm the selected tube. 

141. The apparatus according to any one of claims 116-128, wherein the proximal 
fixation member conpises an inner siqiport structure, and wherein the distal fixation 
member comprises an outer support structure liiat is placed partially over the inner support 

10 structure. 

142. The apparatus according to claim 141, wherein the outer support structure is 
shaped so as to define a plurality of distal diverging strut supports, firan which a plurality 
of proximal engagement arms extend radially outward. 

143. The apparatus according to claim 141, wherein the inner support stroctuie is 
15 shaped so as to define a plurality of distal diverging inner struts. 

144. The apparatus according to claim 141, whereiin the inner support structure is 
shaped so as to define a bulging proximal sldrt, a proximal portion of which is configured 
to ^ly the second axial force. 

145. The apparatos according to claim 144, indierein the prosthesis oompiises a grafi; 
20 covering that covers at least a portion of the skirt 

146. TTie apparatus according to claim 144, wherein the inner support structure is 
shaped so as to define a plurality of distal diverging inner struts, and wherein th.e skirt 
extrads &om the inner struts. 

147. The apparatus according to claim 146, wherein the outer support structure is 
25 shaped so as to define a plurality of distal diverging strut supports, firom which a plurdity 

of proximal engagement arms extend radially outward, and wherein each of the strut 
supports is positioned ovra* a respective one of the inner strute. 

148. The apparatus according to claim 147, wherein the engagement arms are 
positioned over aportion of the skirt. 
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149. The apparatus according to claim 147, wherein tbe prosliiesis comprises a valve 
comprising a collapsible pliant material, configured to assume a closed position during 
diastole and an open position during systole, wherein the pliant material compises a 
plurality of segmeirts, at least two of which are coupled together by one of the strut 

5 supports and its respective one of the inner struts. 

150. A metiiod for implanting a valve prosthesis at a native semilunar valve of a native 
valve complex of a subject, the method comprising: 

providing a distal fixation menAer of the valve prosthesis coiqjled to a proximal 
fixation member of the valve prosUiesis, which distal fixation member is shaped so as to 
10 define exactiy three proximal etigagement amis; 

posttioning the distal fixation member in a downstream artery of the subject 
selected &ona. the group consisting of: an ascendii:^ aorta, and a pulmonary trunk, such 
that the three proximal engagement aims are positioned at least partially witiiin respective 
semilunar sinuses of the native valve complex, and, in combination, apply, to tissue that 
15 defines the semilunar sinuses, a first axial force directed toward a ventricle of the subject; 
and 

positioning tbe praxiinal fixation member at least partially on a ventricular side of 
the native semilunar valve, such that the proximal fixation merhber applies, to the 
ventricular side of the native valve complex, a second axial force directed toward the 
20 downstream artery, such that application of the first and second forces coiq)les the 
prosthesis to the native valve complex. 

151. The mdhod according to claim 150, wheiem the native semilunar valve includes a 
native aortic valve, wherdn the downstream artery includes the ascendmg aorta, and 
wherein positioning the distal fixation member comprises positioning the distal fixation 

25 member in the ascending aorta. 

1 52. The mefliod according to daim 150, wherein the native semilunar valve includes a 
native pulmonaiy valve, wherein the downstream arteiy includes the pulmonary trunk, 
and wherem positioning the distal fixation member comprises positioiung fee distal 
fixation member m the pulmonary trunk. 

30 153. The method according to claim 150, wherein providing comprises coupling the. 
distal fixation member to the proximal fixation member befi>re positioning the distal 
fixation member and before positioning the proximal fixation member. 
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154. The method aocoiding to claim 150, wherein providing comprises coupling the 
distal fixation manber to the proximal fixation member after perfiMming at least one 
action selected fiitim the groi^ consisting of: positioning ttie distal fixation member, and 
positioning the proximal fixation member. 
5 155. llie method according to claim 150, wherein the distal fixation member and tiie 
proximal fixation member are &faricated as osee int^rated structure, and wherein 
providing the distal fixation member coupled to Ihe proximal fixation member comprises 
providing the distal fixation member and the proximal fixation member that are fabricated 
as one integrated structure. 

10 156. The method according to any one of claims 150-155, wherem positioning the 
distal and proximal fixation members comprises positioniDg Ihe eng^tgement aims at least 
partially witiiin the respective ones of &e semilunar sinuses before positioning the 
proximal fixation member at least partially oa the ventricular side of the native valve 
complex, such that ttie engs^emCTt aims prevent leaflets of the native valve complex fi:om 

15 opening more than a predetermined desired amount, the opening being becai^e of force 
applied by the proximal fixation member to the leafiets. 

1 57. A method for implanting a valve prosfiiesis at a native semilunar valve of a native 

valve complex pf a subject, the melhpd comprising: 

providing a distal fixation mem,ber of the valve prosthesis coupled to a proximal 
20 fixation member of the valve prosth^is; 

positioning the distal fixation member in a dowostieam artery of the subject 

selected firom the group consisting of: an ascending aorta, and a pulmonary trunk, such 

that the distal fixation member appUes, to a downstream side of the native valve complex, 

a first axial force directed toward a ventricle of Ihe subject; and 
25 positioning the proximal fixation member at least partially on a ventricular side of 

the native semilunar valve, such that the proxtmal fixation member applies, to a 

ventricular side of the native semilunar valve, a second axial force directed toward the 

downstream artery, such that applicatioai of the first and second forces couples the 

prosthesis to the native semilunar valve. 
30 158. . The metibiod according to claim 157, wherein the native semilunar valve includes a . 

native aortic valve, \fteein the downstream artery mdudes the ascendmg aorta, and 
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wherein positioning the distal fixation member conipdses positioning the distal fixation 
member in the ascending aorta. 

1 59. The melhod according to daim 1 57, wherein the native semilunar valve includes a 
native puhnonary valve, wherein the downstream artery mcludes the pulmonary trunk, 

5 and wherein positioning tlte distal fixation member comprises positioning tl:^ distal 
fixation member in the puhnonary Imnk. 

160. The method according to claim 157, wherein providing comprises coupling the 
distal fixation member to the proximal fixation member before positioning the distal 
fixation member and before positioning the proximal fixation member. 

10 161. The melhod according to claim 157, wherein providing comprises coupling the 
distal fixation member to the proximal fixation member after performing at least one 
action selected firom the group consisting of: positioning the distal fixation member, and 
positionii^ the proximal fixation member. 

162. The method according to claim 157, \\^erein the distal fixation member and the 
15 proximal fixation member are faibiicated as one integrated structure, and wherein 

providmg the distal fixation member coi^led to the proximal fixation member comprises 
providing the distal fixation member and the proximal fixation member that are fiabricated 
as one integrated structure. 

163. The method according to claim 157, wheidn positioning the distal and proximal 
20 fixation manbers conprises positioning the distal fixation member in the downstream 

artery before positioning the proximal fixation member at least partially on the ventricular 
side of the native semilunar valve. 

164. The method according to claim 157, wherem the prosthesis mcludes a prosthetic 
valve, and wherein positioning the distal fixation member coniprises positioning the distal 

25 fixation member such that the valve assumes a closed position during diastole and an open 
position durii^ systole. 

165. The method acoordmg to daim 157, wherein positioning the distal fixation 
member comprises positioning the distal fixation member such that it limits an extent of 
opening of leaflets of the Jiative valve complex. 

30 166. The method accordmg to any one of claims 157-165, wherein positioning the 
proximal and distal fbcation members coniprises: 
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collapsing the proximal and <^stal fixation members; 

inserting liie proximal and distal fumtion members, while collapsed, in the 
ventricle and the downstream arteiy, respectively; and 

expanding the proximal and distal fixation members in Ihe ventricle and the 
5 downstream artery, respectively. 

167. The method according to claim 166, wherein positioning the distal fixation 
member comprises positioning the distal fixation member in the downstream artery while 
coU^sed, and expanding Hhe distal fixation member before positioning the proximal 
fixation member at least partially on the ventricular side of the native semilimar valve. 

10 168. The method according to claim 166, wherein kiserting the proximal and distal 
fixation members comprises storing the proximal and distal fixation members while 
collapsed in at least one tube selected fixnn the group consisting of: an overtube and a 
trocar, and wbeirein expanding the proximal and distal fixation members comprises 
deploying the pxoxunal and distal fixation members imm the selected tiibe. 

15 1 69. The method according to claim 1 68, wheirein the native semilunar valve includes a 
native aortic valve, wherein the downstream artery includes the ascending aorta, and 
wherein insertmg the proximal and distal fixation members comprises inserting the 
selected tube through an ap&x of a heart of the subject, and advancing the selected tube 
through the ventricle until a distal end of tiie selected tube passes the native semilunar 

20 valve. 

170. The method according to claim 168, wherein the native semilunar valve includes a 
native aortic valve, wherein the downstream artery includes the ascending aorta, and 
wherein inserting the proximial and distal fixation membeis comprises inserting Ihe 
selected tube using a transaortic approach. 

25 171 . The method according to claim 168, whexein Ihe native semilunar valve includes a 
native pulmonary valve, wherein Ihe downstream artery includes tiie puhnonaiy trunlc, 
wherein the ventricle includes a right ventricle, and viiierein insertmg the proximal and 
distal fixation members comprises inserting the selected tube through a fi:ee wall of the 
right ventricle, and advancing the selected tube through the rigjit ventiicle past a right 

30 ventiicular outflow trad of the heart until a distal end of the selected tube passes the. 
native pulmonary valve. 
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172. The method according to any one of claims 157-165, wherein the proximal 
fixation member includes an inner si?)port structure, TAdbiexein the distal fixation member 
includes an outer si5)port structure that is placed partially over the inner support structure, 
and wherdh positioning the proximal and distal fixation members comprises positioning 

5 the inner and outer support structures, respectively. 

173. The method according to claim 172, wherein the outer support structure is shaped 
so as to define a plurality of distal diverging strut supports, &om which a plurality of 
proximal engagement arms extend radially outward, and wherein positioning the outer 
support structure comprises rotationally alignii^ the engagement aims with respective 

10 ones of the semilunar sinuses. 

174. The method according to claim 173, wherein positionir^ the outer su|^ort 
structure comprises rotationally aligning the strut si^orts with respective commissures of 
the native valve coicplex. 

175. The method according to claim 173, \rfierein aligning the engagement arms and 
15 the strut supports oomprises moving the outer support structure in a proximal direction, 

such that the engagement arms self-align with the respective ones of the semihmar 
sinuses. 

1 76. A method for implanting a valve prosthesis at a native semilunar valve of a native 
valve complex of a subject, the method comprising: 

20 providing a distal fixation member of the valve prosthesis coupled to a proximal 

fixation member of the valve prosthesis; 

positioning the distal fixation member in a downstieam artery of the subject 
selected from the grovcp consisting of: an ascending aorta, and a puhnonary trunk, such 
that the distal fixation member applies, to naitive ooocnmissures of the native semilunar 
25 valve, a first axial force directed toward a vaitricle of the subjecl, witiiout applying any 
force to Mtive leaflets of the native semilunar valve; 

causing the distal fixation member to rotationally align with the native semilunar 
valve by gentiy rotating the valve pros&esis; and 

positioning the proximal fixation member at least partially on a ventricular side of 
30 tiie-native valve complex, sucktiiat tiie proxunal fixation member applies a second axial 
force directed toward the downstream artery, such that plication of tiie first and second 
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forces couples the prosthesis to the native valve complex by axially sandwiching the 
native valve complex fiom a downstream side and the ventricular side fluea^eof 

1 77. The method accoFding to dfaioi 1 76, wherein fee native semilunar valve includes a 
native aortic valve, wherein the downstream artery includes the ascending aorta, and 

5 wherein positioning tte distal fixation member comprises positionir^ the distal fixation 
memiber in the ascending aorta. 

1 78. The method according to claim 176, wherein the native semilunar valve includes a 
native puhnonary valve, ^^ile^ein the downstream artery includes the pulmonary trunk, 
and wherein positioning the distal fixation nwmber compiises posiliomng the distal 

10 fixation member in the puhnonary trunk. 

179. The method accordhig to clahn 176, wherein causiiig the distal fixation member to 
align comprises causing the distal fixation member to lotationally self-align with the 
native semilunar valve. 

180. The method acoogcdiing to claim 176, i»Aierem providing comprises coupling the 
15 distal fixation member to the proximal fixation member before positioning fee distal 

fixation m^her and before positioning the proximal fixation memb^. 

181. The mefeod ajcording to claim 176, wherein providing comprises coupling fee 
distal fixation member to the proximal fixation member afier performing at least one 
action selected &om the group consisting of: positioning the distal fixatiofi mranber, and 

20 positioning the proximal fiocatlon member. 

182. The mefeod accoidiiig to any one of claims 176-181, whezein the distal fixation 
member and fee proximal fixation member are fiabricaled as one integrated structure, and 
wherein providing the distal fixation membex coupled to fee proximal fixation member 
comprises providing the distal fixation membear and fee proximal fixation member that are 

25 fiibricated as one integrated structure. 

183. A mefeod for implanting a valve prosthesis at a native semilunar valve of a native 
valve complex of a subject, fee mefeod comprising: 

jKToviding a distal fixation member of the valve pKOsthesis coupled to a praxunal 
fixation meinber of fee valve prosfeesis; 
30 positioning the distal fixation member in a downstream arteiy of fee subject 

selected fix>m the group consisting of: an ascesodixig aorta, and a pulmonary trunk, such 
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that the distal fixation member 8?>pUes a first axial force directed toward a ventricle of the 
subject; and 

positioning tiie proximal fixation member at least partially on a ventricular side of 
ftie native valve complex, such that tiie proximal fixation member applies a second axial 
5 force directed toward the downstream artery, such that application of the first and second 
forces couples the prosthesis to the native valve complex by axially sandwiching the 
native valve complex firom a downstream side and the ventricular side thereof, and the 
prosthesis appUes a radial force of less than 0.5 pounds outwardly against the native 
semilunar valve. 

10 184. The method according to claim 183, T)*ereiii the native semilunar valve includes a 
native aortic valve, i^erein the downstream artery includes the ascendhxg aorta, and 
wherem positioning the distal fixation member con^rises positioning the distal fixation 
member in the ascending aorta. 

1 85. The method according to claim 183, wherein the native semilunar valve includes a 
15 native puhnonary valve, wherein the downsbream artery includes the pulmonary trunk, 

and wherein positioning the distal fixation member comprises positioning the distal 
fixation member in the pulmonary trunk. 

186. The method according to daim 183, wherein providing comprises coupling the 
distal fixation member to the proximal fixation member before positioning the distal 

20 fixation member and before positioning the proximal fixation membra:. 

187. The method acooiding to claim 183, whereui profviding comprises coupling the 
distal fixation member to the proximal fixation member after praformmg at least one 
action selected jBrom the gtoiep consistii^ of: positioning the distal fibcation member, and 
positioning the proximal fixation member. 

25 188. The method accoiding to claim 183, wherein the distal fixation member and the 
proximal fixation memb«r are jEaibricated as one integrated structure, and wherein 
providing the distal fixation member coupled to the proximal fixation member oomioises 
providmg the distal fixation membear and the proximal fixation mCTttber that are febricated 
as one integrated structure. 

30 1 89. Apparatus comprising a prosthesis for implantation at a native semiluiiar valve of 
a native valve complex of a subject, the native valve complex having three semilunar 
sinuses and three nafive commissure, the prosthesis conqnising a valve prosthesis 
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support, -which comprises a si^sport structure comprising exactiy three esigagement anns 
that meet one another at three respective jraictures, 

wherem the ea^gement arms are shaped so as define three peak coiaplcK^ at Ihe 
three respective junctures, and three Irot^ complexes, each of v^ch is between two of 
5 the peak complexes, and 

wherem, upon implantation of the prosthesis, each of the eaagagement arms is at 
least partially disposed within a respective one of Ihe semilunar sinuses, such that each of 
the peak complexes is disposed distal to and in rotational alignment with a respective one 
of Ihe native commissures, and each of the trough complexes is disposed si least partially 
1 0 within the respective one of the semilunar sinuses. 

190. The apparatus according to claim 1 89, 

wherein the native semilunar valve includes a native aortic valve of the subject, 
wherein the semilunar sinuses inchide respective aortic siauses, and 
wherein, upon implantation of the prosthesis, each of the engag«aaent arms is 
15 disposed at least partially within the respective one of the aortic smuses. 

191. The apparahis according to claim 189, 

wherein the native somilunar valve includes a native puhnonaiy valve of the 
subject, 

wherein the seniilunar sinuses include respective puhnonary sinuses, and 
20 wherein, upon in^}lantation of the prosthesis, each of ^ engagement anns is 

disposed at least partially within the respective one of the puhnonary sinuses. 

192. The ^aratus according to claim 189, wherein the engagement arms are shaped 
such that e^ of the peak cQnq>lexes includes exactly one peak at its respective one of the 

junctures. 

25 193. The ^aratus according to claim 189, wherem the engagsnent anns are shaped 
such that each of the trough complexes includes exactly one trough. 

194. The apparatus according to claim 1 89, wherein &e engagement arms are shaped so 
as to define exactly one trough between each two of the peak complexes. 

195. The apparatus acoodrding to claim 189, wh»«in the engagement anns ace shap 

• 30 as to define a plurality of troughs between each two of the peak complexes. 

196. The ^paratas according to claim 189, Tudierein Ihe engaganent arms are 

configured to touch respective transitions between the respective semilunar suiuses and 
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respective native leaJfiet roots of the native valve compiex, upon inq>lantation of the 
prosthesis. 

197. The apparatus according to claim 189, \\iierein the prosthesis is configured such 
that, during implantation of the jwosthesis, the peak complexes self-align with the 

5 respective native commissures. 

198. The ^aratus according to claim 189, wherein, upon implantation of tiie 
prosfliesis, each of the peak complexes is disposed in the rotational alignment with the 
respective one of the native commissures with a rotational offset. 

199. The apparatus according to claim 189, v*4ierein, upon implantation of the 
10 pros&esis, each of the peak complexes is disposed in the rotational alignment with the 

respective one of the native commissures without a rotational ofifeet. 

200. The apparatus accordii^ to claim 189, \n4ierein the valve prosthesis support, upon 
unplantatum of the prosthesis, does not press VBpon the native commissures of the native 
semilunar valve. 

15 201. The ^aratus according to claim 189, wherein the peak complexes, upon 
implantation of the prosthesis, touch the respective native commissures of the native 
semilunar valve at the respective junctures of the engagement arms. 
202. The apparatus according to claim 189, "wiierein the prosthesis is configured to 
apply a radial force of less than 0.5 pounds outwardly against the native semilunar valve. 

20 203. Hie apparatus acooixling to claim 189, v^erein the prosthesis is configured such 
that any radial force applied by the prosthesis outwardly against the native semilunar 
valve is insufiicient by itself to chronically maintain the prosthesis in position with 
respect to the native valve complex under conditions of normal cardiac motion. 

204. The ^atatus according to claim 189, wherein the prosthesis is configured, upon 
25 implantation thereof to embrace, without squeezmg, leaflets of the native semilunar 

valve. 

205. The apparatus according to claim 189, wherein the prosthesis is configured, upon 
iinqplantation tiiereo:!^ such that the engagement arms apply a force to distal sides of liue 

. .leaflets of the. native sanilunar valve vAale the engagement arms are generally parallel to - 
30 the distal sides of tiie leaflets. 
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206. The ^acatus according to ckim 1S9, wherem the vaive prosthesis support is 
configured such that, upon implantation of the prosthesis, the valve prosthesis support 
does not fold over leaflets of the native semilunar valve. 

207. The apparatus according to claim 189, wherein the valve prosthesis support is 
5 configured such tiiat, upon implantation of the prosthesis, the valve prosthesis support 

does not push leaflets of the native semilunar valve towards respective semilunar sinus 
floors of the native valve complex. 

208. The apparatus according to claim 1 89, wherein the prosthesis is configured to less 
than fully open leaflets of the native valve complex vAnsa the prosthesis is implanted at 

10 the native vaive complex. 

209. The apparatus according to claim 189, wherein the valve prosthesis support is 
configured to elevate leaflets of the native semilunar valve fiom within the semilunar 
sinuses upon in^lantation of Hie prosthesis. 

210. The apparatus according to claim 189, wherein the pxosihesis is configured such 
15 that, upon implantation at the native valve complex, the engagement amis are aligned by 

rotation wilh respective ones of the semihmar sinuses. 

211. The apparatus according to claim 189, wherein each of the engagement arms 
comprises at least one extension element that extends from the engagement arm, which at 
least <ms extension element is configured to engage a sinus floor of the respective one of 

20 the semitunar sinuses upon implantation of Ifae prosthesis. 

212. The apparatus according to any one of claims 189-211, wherein each of the 
eng^ement anns is configtred to engage a respective one of Ihe semilunar smuses upon 

implantation of the prosthesis. 

213. The apparatus according to claim 212, wherein each of Ihe engagement arms is 
25 configured to fhmly engage the respective one of the semilunar sinuses upon implantation 

of the prosthesis. 

214. The apparatus according to claim 212, whearein Ihe valve prosthesis support is 
configured not to apply a force to leaflets of the native semilunar valve suflBcieaat to hold 

the prosthesis in place. 

30 215. The q)paratus according to claim 212, wherein each of the engagement arms is 
sh^d so as to d^ne at least one extension element that extends fi»m the engagement 
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ann, and wherein each of the engagement arras and its respective at least one extension 
element are configured such that the engagement aim engages, via the at least one 
^ctension element, a sinus floor of Ihe respective one of the semilunar sinuses upon 
implantation of the prosth^is. 

5 216. The ^paratus according to claim 212, wherein each of tibie engagement arms is 
shaped to define a length, parallel to a longitudinal axis of the prosthesis, between (a) at 
least one .of the junctures and (b) a contact point of one of the engagement anns that meets 
at the juncture with a sinus floor of the respective one of the semilunar sinuses upon 
unplantation of the prosthesis, which length is greater than 6 mm. 

10 217. The ^aratus according to any one of claims 189-211, wherein the prosthesis 
comprises a prosthetic valve comprising one or more prosthetic leaflets, vitierein at least a 
portion of each of Ihe prosthetic leaflets is configured to assume a closed position during 
diastole and an open position during systole, and wherein the at least a portion is not 
duectly coupled to any of the engagement arms. 

1 5 218. The apparatus according to claim 217, wherein the prosthetic valve is coiq)led to 
the support structure such that at least 50% of an axial length of the prosthetic leaflets is 
distal to native valve leaflets of the native semilunar valve, upon implantation of the 
prosthesis. 

219. The jqpparatus according to claim 217, wherein the prosthetic valve comprisesi a 
20 collapsible pliant material, configured to assume the open and closed positions. 

220. The apparatus according to claim 217, v^iierem the valve prosthesis support and 
the prosthetic valve are configured to define a single flow field through the valve 
prosthesis support and the prosthetic valve. 

221. The apparatus according to daim 217, wherein the valve prosthesis support and 
25 the prosthetic valve are configured to define a plurality of flow fields throu^ the valve 

prosthesis support and the prosthetic valve. 

222. The apparatus according to any one of claims 189-211, inriberein the support 
structure comprises exactly three oamiuissural posts, to which the junctures of the 
engagement anns are respectively attached. 
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223. The apparatus according to claim 222, wherein, upon implantaticai of the 
prosthesis, the conmiissiiral posts are lotationally alibied with respective ones of the 
native commissures. 

224. The Jtpparatus according to any one of claims 189-211, wherein the engagement 
5 arms are shaped so as to flare out laterally to an aiigle wilh respect to a central axis of the 

prosthesis. 

225. The ^paratus according to claim 224, vvherein the engagement arms confonn to a 
sh^ of a semilunar root of the native valve compleac whea tihe engagement arms are 
flared out 

10 226. The apparatus a«2ording io daim 224, wherein the eiigagemeiit axi^ 
as to curve outwards laterally. 

227. The apparatus acoording to any one of daims 1 8S>-21 1, wherein a shape of at least 
one of the engagement arms is generaUy characterized by a fimction z"(r) >= 0, where z is 
a height of any given point on the at least one engagement arm measured along a 

15 longitudinal axis of the prosthesis, and r is a distance firam the longitudinal axis to the 
given point. 

228. The apparatus according to claim 227, wherein the sh^e is generally 
characterized fay the function z"(r) > 0. 

229. The apparatus according to any one of claims 189-21 1, 

20 wherein the support structure is configured to serve as a distal faation member, 

wherein tiie valve prosthesis suppcwt comprises a proximal fixadcm member, and 
wherein the proximal fixation member and the engagement arms of the distal 
fixation member are coofigmed to axially sandwich the native valve complex from 
ventricular and downstream sides thereof, respectively, upon implantation of the 
25 prosthesis. 

230. The apparatus according to claim 229, whcrain the engagement arms are 
configured to be disposed, during an implantation procedure, at least partially wilhin the 
respective ones of the semilunar sinuses before the proximal fixation member is 
positioned at least partially on the ventricular side of the native valve complex, such that 

30 the arms prevent leaflets of the native valve conqilex firan opening more than a 
predetermmed desired amount, the opening being because of force applied by flie 
proximal fixation member to the leaflets. 
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231. The apparatus according to claim 229, wherein the proximal fixation member is 
configured to be positianed at least partially in a ventricle of the subject upon 
implantation of the prosthesis. 

232. The apparatus according to claim 229, wherein the proximal fixation member is 
5 shaped so as to define at least one barb configured to apply a barb force to the ventricular 

side of the native valve complex. 

233. Hie apparatus according to claim 232, wherein the at least one baib is configured 
to pierce the ventricular side of tiie native valve complex. 

234. The apparatus according to claim 232, wherein the at least one barb is configured 
10 to protrude into tissiK of the ventricular side of the native valve conqjlex, without piercing 

the tissue. 

235. The ^paratus according to claim 232, wherein the distal fixation member is 
sh^d so as to define at least one mating barb, and wherein the at least one barb of the 
proximal fixation membear is configured to engage the at least one mating barb, so as to 

15 help hold the prosthesis in place. 

236. The apparatus according to claim 229, wherein the proximal and distal fixation 
members are collapsible. 

237. The apparatus according to claun 236, wherein the distal fixation member is 
configured to be positioned, during an implantation procedure, in a downstream artery 

20 while collapsed, and to be expanded before the pioxunal fixation member is positioned at 
least partially on the ventricular side of the native valve complex, the downstream artery 
selected from the groiqj consisting of: an ascending aorta, and apulmonaiy trunk- 

238. The apparatus according to claim 236, comprising at least one tube selected firom 
the group consisting of: an overtube and a trocar, wherein the proximal and distal fixation 

25 members are configured to be stored in the selected tube while collapsed, and to expand 
upon being deployed from the selected tiibe. 

239. The apparatus according to claim 229, wherein the proximal fixation member 
comprises an inner support structure, and wherem the distal fixation member comprises an 
outer support shuctore ibsA is placed partially over the inner siqiport structure. 

30 240. The apparatus according to claim 239, wherein the inner and outer support 
structures are configured to be coupled to one anotho: during an implantation procedure. 
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241. The apparatus according to claim 239, wherein the outer support structure is 
shaped so as to define a plurality of distal diverging strut supports, from wMch the 
engagement arms extend radially outward. 

242. The apparatus according to daim 241, wherein tihe prosthesis is configured such 
5 that, upon implantation at the native vahre complex, the strut supports are aligned yn&i the 

respective native commissures. 

243. The apparatus according to claim 239, wherein the inner support sfructure is 
shaped so as to de£ite a plurality of distal diverging inner struts. 

244. The apparatus according to daim 239, wherein the inner support structure is 
10 sJiaped so as to define a bulgmg proximal skirt, a paxndmal portion of winch is configured 

to £^ply an axial force directed toward a downstream artery selected jSrom the group 
oonsistmg of : an ascending aorta, and a pulmonary trunk 

245. The apparatus according to daim 244, wherein the prosthesis comprises a graft 
covering that covers st least a portion of the skirt. 

15 246. The apparatus according to claim 244, wherein the umer support structure is 
shaped so as to define a plurality of distal diverging innor struts, and wherein the skirt 
extends fix)m the inner struts. 

247. The apparatus according to claim 246, wherein the oxiter support structure is 
sihaped so as to define a plurality of distal diverging strut supports, fKm which the 

20 engagemecd: arms extend radially outward, and vriberein e^ of the strut siqxports is 
positioned over a respective one of the inner struts, 

248. The apparatus according to claim 247, wherein the engagement arms are 
positioned over a portion of the skirt. 

249. The apparatus acoordmg to claim 247, 

25 wherem the prosthesis comprises a valve oompdsmg a collapsible pliant material, 

configured to assume a closed position during diastole and an open position during 

systole, and 

wherein the pliant material conrprises a plurality of segments, at least two of 
which are ooiipled together by one of the strut supports and its respective one of the inner 
30 struts. 
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250. Apparatus comprising a prosthesis for implantation at a native aortic valve of a 
native valve coir5)Iex of a subject, the native valve complex having exactly two aortic 
sinuses and two native commissures, the prosfhesis comprisii^ a valve prosthesis support, 
^oh conqjrises a si^ort structure comprising exactly two engagement arms that meet 

5 one another at two respective junctures, 

wherein the engagement arms are sJiaped so as define two peak complexes at tiie 
two respective junctures, and two trough con^lexes, each of which is between the peak 
oomplexes, and 

wherein, upon implantation of the prosthesis, each of the engagement arms is at 
1 0 least partially disposed within a respective one of the aortic sinuses, such that each of the 
peak complexes is disposed distal to and m rotational alignment with a rrapective one of 
the native commissures, and each of the trough complexes is disposed at least partially 
wilhin the respective one of the aortic sinuses. 

251. The apparatus according to daim 250, wherein the engagement arms are shaped 
15 such that each of the peak complexes includes exactly one peak at its respective one of the 

junctures. 

252. The apparatus according to claim 250, wherein the engagement arms are shaped 
such that each of the trough complexes includes exactly one trough. 

253. The apparatus according to any one of claims 250-252, wherein each of the 
20 engagement arms is configured to engage a respective one of &e aortic sinuses upon 

implanlHtion of the prosfhesis. 

254. Apparatus comprising a prosfhesis for implantation at a native semilunar valve of 
a native valve comply of a subject, the prosthesis con^rising: 

a prosthetic valve compising one or more prosthetic leaflets configured to assume 
25 a closed position during diastole and an open position during systole; and 

a valve prosthesis support, coupled to the prosthetic valve, and configured to 
engage one or more semilunar sinuses of the native semilunar valve site, such that at least 
50% of an axial length of the prosfeetic leaflets is distal to native valve leaflets of the 
native semilunar valve. 

-30- • 255. The apparatus according to claim 254, wherein the native Semilunar valve indndes 
a native aortic valve, wherein the semilunar sinuses include respective aortic sinuses, and 



124 



wo 2«08/035337 



PCT/IL2007/001149 



T^iierein the valve prosthetic support is configured to engage the one or more aortic 

sinuses. 

256. The apparatus axording to claiin 254, wherein the native semilunar valve incltides 
a native pulmonary valve, wherein the semilunar sinuses include respective pulmonaiy 

5 simisea, and wherein fee valve prostiwdc sipport is configured to engage the one or more 
puhnonaiy sinuses. 

257. A method for implflnting a prosthesis at a native semilunar valve of a native valve 
complex of a subject, the native valve ooii^>lex liaving three semilunar sinuses and liirw 
native commissures, the me&od comprising; 

10 providing the prostiaesis including a valve prosthesis support, which valve 

prosthesis support includes a support steucture comprising exactly three engagement arms 
that meet one another at three respective junctures, vteein the engagement arms are 
shaped so as define three peak, complexes at the three respective junctures, and three 
trough complexes, each of which is between two of the peak complexes; and 

15 implanting the prosthesis such that each of the engf^ement amis is at least 

partially disposed within a respective one of the semthmar sinuses, each of llie peak 
complexes is disposed distal to and in rotational alignment with a respective one of the 
native commissures, and each of the trough complexes is disposed at least partially within 
the respective one of the semilunar sinuses. 

20 258. The method according to claim 257, wherem liie native semilunar valve includes a 
native aortic valve of the subject, \itriberein the semilunar sinuses include r&pecdvQ aortic 
sinuses, and wherein implanting comprises implanting the prosthesis such that each of the 
Qigagement arma is disposed at least partially within the respective one of &e aortic 
sinuses. 

25 259. The method according to claim 257, wherem the native semilunar valve includes a 
native pulmonary valve of the subject, wherein tiie semilunar sinuses include respective 
pulmonary sinuses, and wherein implanting comprises implanting ttie prosthesis such that 
each of the engagement arms is disposed at least partially within the respective one of the 
pulmonary sini^es. 

30 260; The method according to claim 257, wherein the prosthesis is configured such 
that, during implantation of the prosthesis, the peak complexes self-align with the 
respective native commissures. 
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261 . Tlie method according to claim 257, -wdierein implanting comprises implanting the 
prostihesis such fliat the prosfiiesis embraces, without squeezing, leaflels of the native 
semUunar valve. 

262. The method according to claim 257, whrarein implanting comprises implanting the 
5 prosthesis such that the valve prosttiesis ssiqiport does not fold over leaflets of the native 

s^lunar valve. 

263 . The method according to claim 257, ijrfierein implanting comprises implanting the 
prosthesis such that the engagement arms touch respective floors of the respective 
semilunar sinuses. 

10 264. The melhod according to claim 257, wherein implanting comprises causing the 
prosthesis to self-align with respect to the native sramlunar valve site by gentiy rotating 
prosthesis. 

265. The methc^ according to any one of claims 257-264, 

wher^ atts support structure is configured to serve as a distal fixation member, • 
15 wherein the valve prosthesis support includes a proximal fixation member, and 

whereia implanting comprises implanting the prosthesis such that the proximal 
fixation member and the engagement arms of the distal fixation member axially sandwich 
ihs native valve con^)lex fix>m ventricular and downstream sides thereof, respectively. 

266. The method according to claim 265, wterdn implanting comprises: 

20 positioning the distal 'fixation member in a downstream artery yMle the distal 

fixation member is collapsed; 

expanding the distal fixation member and 

thereafter, positioning the proximal fixation membo: at least partially on the 
ventricular side of the native valve complex, the downstream artery selected firom the 
25 group consistmg of: an ascending aorta, and a puhnonary trunk. 

267. The method according to claim 265, wherein implanting comprises: 

storing the proximal and distal fixation members in at least one tube selected firom 
the group consisting of. an overtube and a trocar, while the proxnnal and distal fixation 
members are colls^psed; and 
30 deployingthe proximal and distal fixation members fix)m the selected- tiibe siich 

that the proximal and distal fixation membo^; expand. 
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268. The method according to claim 265, ll^toeill the proximal SxsHaa member 
mdudes an ixtne: support structure, whearein the distal fixation member includes an outer 
siqpport structure tibat is placed [^rtially over the inner si^>poTt structure, and M/berein 
implanting comprises configuring the inner aood outer support structures to one another 

5 during the implanting. 

269. A me&od for implaotiiig a prosthesis at a native aortic valve of a native valve 
complex of a subject, the native valve complex having exactly two aortic smuses and two 
native commissures, the method conqsiisiiig: 

providing the prosthesis including a valve proslhesis siq>pOTt, -^ch valve 
10 prosthesis support include a si^iport structure including exactly two engagement arms 
that meet one anotl^ at two respective junctures, wherein the engagement aims are 
shaped so as define two peak complexes at the two respective junctures, and two tiou^ 
complexes, each of which is betwe^ llie peak complexes; and 

implanting the prosthesis such that each of the engagement arms is at least 
15 partially disposed within a respective one of the aortic sinuses, each of the peak 
complexes is disposed distal to and in rotational alignment wilfa a respective one of the 
native commissures, and each of the trough complexes is disposed at least partially within 
the respective one of the aortic smuses. 

270. A method for implanting a prosthesis at a native semilunar vatve of a native valve 
20 complex of a subject, &e method conqnising: 

providing the prostihesis including a prosthetic valve indudmg one or more 
prosthetic leaflets configured to assume a closed position during diastole and an open 
position during systole, and a valve prosthesis support, coupled to tiie prosthetic valve; 
and 

25 implanting Ihe prosthesis such that the valve prosthesis support engages one or 

more semilunar shmses of the native semilunar valve site, such lhat at least 50% of an 
axial l^gfh of the prosthetic leaflets is distal to native valve leaflets of the native 
sesnilmiar valve. 

271. The method according to claim 270, whezein the native semilunar valve includes a 
30 native aortic valve, and ^^^lerein implanting the prosthesis comprises implanting Ihe 

prosthesis such that Ihe valve prosthesis support engages the one or more semilunar 
sinuses of the native aortic valve. 
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272. The method according to claim 270, wherein the native semilunar valve kwludes a 
native pubnonary valve, and -wherein implanting the prosthesis comprises implanting the 
prosttiesis such that flie valve pros&esis support engages the one or more semilunar 
sinuses of the native pulmonary valve. 
5 273. The method according to claim 270, wherein implanting the prosthesis comprises 
implanting the prosthesis such that the prosthesis leaflets do not engage the semilunar 

274. The method according to any one of claims 270-273, wherein implanting the 
prosthesis comprises causing the prosthesis to self-align with respect to the native 

1 0 semilunar valve site by gently rotating the prosthesis. 

275. A method, comprising: 

placing a semilunar valve prosthesis at a native semilunar valve site, which 
prosthesis includes a prosthetic valve including one or more prosthetic leaflets configured 
to assume a closed position during diastole and an oj^a. position during systole; and 
15 engagiag a portion of the semilunar valve proslhrais, other than the prosthetic 

leaflets, with one or more semilunar sinuses of the native semilunar valve site, such that at 
least 50% of an axial length of the prosthetic leaflets is distal to native valve leajBets of a 
imtive semilunar valve of the native semilunar valve site, 

276. The melhod according to claim 275, 

20 wherein the native semilunar valve site iocludes a native aortic valve site, 

wherein ti» semilunar sinuses include respective aortic sinuses, 
wherein the semilunar valve prosthesis includes an aortic valve prosthesis, 
wherein placing comprises placing the aortic valve prosthesis at the native aortic 
valve site, and 

25 whea:ein mgag ^gg comprises engaging the portion of the aortic valve prosthesis 

with the one or more aortic sinuses. 

277. The method according to claim 275, 

vierein the native semilunar valve site includes a native puhnonaiy valve site, 
wherein the semilunar sinuses include respective puhnonaiy sinuses, 

30 wherein the semilunar valve prosthesis includes a pulmonary valve prosthesis* 

whejsin placing oon^rises placing the pulmonary valve prosthesis at the native 
pulmonary valve site, and 
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wherein engagmg comprises engagji:^ the portion of the puhnoaiaiy valve 
prosthesis with the one or more puhnonairy sinuses. 

278. The method according to any cms of claims 275-277, i^erein engaging comprises 
causing Ihe semilunar valve prosthesis to self-align with respect to the native seamilimar 

5 valve site by gently rotating the semilmiar valve prosthesis. 

279. A method comprising: 

providing a semilunar valve prosthesis; and 

implanting the prosthesis without using any imaging techniques. 

280. The method according to claim 279, wherein providing the semilunar valve 
10 prosthesis comprises providing an aortic valve prosthesis. 

281. The method according to claim 279, wherein providing Ihe semilunar valve 
piDstfaesis comprises providing a pulmonary valve prosthesis. 

282. The method accordiog to claim 279, viierein implanting comprises: 
placing Ihe prosdiesis at a semihmar valve site; and 

15 causing the prosthesis to setf-^gn with respect to the site by g^y rotating the 

prosthesis. 

283. The method according to any one of claims 279-282, wherem in^lanting the 
prosthesis conqnises detemuning a correct rotational disposition of the prosthesis with 
respect to a semilunar valve site based on tactile feedback. 

20 284. A method comprising: 

providing a semilunar valve prosthesis; 
placing the prosdiesis in a body of a subject; and 

determining a correct rotational disposition of the prosthesis with respect to a 
semilunar valve site based on tactile feedback. 

25 285. The method according to claim 284, 'wdieiein providing the semilunar valve 
prosthesis comprises providing an aortic valve prosthesis. 

286. The method accordiog to claim 284, vi^rein providing the semilunar valve 
prosthesis comprises providing a pulmonary valve prosthesis. 

287. The method according to any one of claims 284-286, wherein placing Ihe 
3 0 prosthesis comprises placing &e piosdiesis without using any imaging techniques. 

129 



wo 20fl«rt>3S337 



PCT/IL2007/001149 



288. A method comprising: 

placing a semilunar valve prosthesis at a native seanilunar valve site; and 

causing the prosthesis to self-align with respect to the site by gently lotatiiig the 

valve prosthesis. 

5 289. The method according to claim 288, wherein the semilTmar valve prosthesis 
includes an aortic valve prosthesis, wherem the native semilunar valve site includes a 
native aortic valve site, and ^s^erein placing comprises placing the aortic valve prosthesis 
at the native aortic valve site. 

290. The method accordu^ to claim 288, wherein the semilunar valve prosthesis 
1 0 inchides a pulmonary valve prosthesis, wherein the irative semilunar valve site includes a 

native puhnonary valve site, and wherein placing comprises placing the pulmonaiy valve 
prosthesis at the native pulmonary valve site. 

291. The method accordmg to claim 288, wherein causing the prosthesis to self-align 
comprises moving the prosthesis in an axial direction defined with respect to an axis of a 

15 downstream artery, while gently rotating the prosthesis, the downstream artery selected 
j&om the groiq) consisting of: an ascending aorta, and a puhnonary trunk. 

292. The method accordmg to claim 288, wherein gently rotatmg the prosthesis 
comprises moving the prosthesis in a proxunal direction such that contact of the 
prosthesis with tissue of the native semilunar valve site causes the rotating. 

20 293. The method according to claim 288, wherem placing Has prosthesis and causing 
the prosthesis to self-aUga comprise placing the prosthesis and causmg the prosthesis to 
self-align without usmg any imaging techniques. 

294. The method accordmg to clahn 288, wherein causmg the prosthesis to self-aliga 
comprises vurifymg that the prosthesis is properly aligned with respect to the semilunar 

25 valve site by attempting to rotate the prosthesis with respect to the semilunar valve site. 

295. The method according to any one of claims 288-294, wherein the prosthesis is 
sh^ed so as to define one or more proximal engagement arms that are configured to be 
positioned at least partially within respective semilunar sinus^ of the native semilunar 
valve site, and wherein causing the prosthesis to self-align comprises causing the 

30 engagement arms to self-align with respect to the respective semilunar smuses. 
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296. The meliiod according to claim 295, wherein gently rotating the prosfJiesis 
ooiii|nis6s moving liie prosthesis in a proximal direction such that contact of one or more 
of liie engagement arms vritti tissue of the native semilunar valve site causes 1ke rotating. 

297. The method according to claim 295, wherein causing the prosthesis to self-align 
5 comprises verifying that the engagement arms are properly placed with respect to the 

semilunar valve site by attemptmg to rotate liie engagement arms with respect to the 
semilunar valve site. 

298. A method, compiismg: 

placing a semilunar valve prosthesis at a native semilunar valve site, the pros&esis 
1 0 shaped so as to de£uie one or more proximal engagement arms; 

attempting to position tie engagement aims at least partially within respective 
semilunar sinuses of the native semilunar valve site; and 

verifying that fhe engagemeiit ssaos are properly placed with respect to tlie 
semilunar valve site by attempting to rotate the engagement amis with respect to the 
15 SKoailunar valve site. 

299. The mefliod according to claim 298, wherein the semilunar valve prostiiesis 
includes an aortic valve prosHiesis, wherein the native semilunar valve site includes a 
native aortic valve site, and wherehi placing compnses placing the aortic valve prosthesis 
at the native aortic valve site. 

20 300. The metibK>d according to claim 298, -v^dierein the semilunar valve prosthesis 
includes a puhnonary valve prosthesis, wherein the native semilunar valve site includes a 
native pulmonary valve site, and wherdn placing comprises placing the pulmonary valve 
prosthesis at the native pulmonary valve site. 

301. Apparatus comprising a prosthesis for implantaticm at a native semilunar valve of 
25 a native valve conq)lex of a subject, the prosthesis oonxprising a support structure, which 

is configured such that a correct rotational disposition of the prosthesis with respect to the 
native semilunar valve can be determined based on tactile feedback. 

302. Apparatus comprismg a prosthesis for implantation at a native semilunar valve of 
anative valve complex of a subject, the prosthesis comprismg: 



131 



wo 2008/035337 



PCT/IL2007/001149 



a distal fixation member, configured to be positioned in a downstream artery of the 
subject selected Qxxa. tbe grot^) consisting of: an ascending aorta, and a pulmonary trunk, 
and to apply a first axial force directed toward a ventricle of the subject; and 

a proximal fixation member coi^jled to the distal fix^on member, the proximal 
5 fixation mamber configured to be positioned at least partially on a ventricular side of the 
native valve complex, and to apply a second axial force directed toward the downstream 
artery, such that application of Hhe first and second forces couples the prosthesis to the 
native valve complex by axially sandwiching the native valve complex fixMBi a 
downstream side and the ventricular side thereof, 
10 wherein the prosthesis is configured to apply the first axial force such that a ratio 

of (a) the first axial force to (b) a radial force apphed outwardly by the prosthesis against 
the native semilunar valve is greater than 1.5:1. 

303. The £ij)paiatus according to claim 302, wherein the native semilunar valve includes 
a native aortic valve, wherein the downstream artery includes the ascending aorta, and 

15 wherein the distal fixation member is configured to be positioned in the ascending aorta. 

3 04. The apparatus according to claim 302, wherein the native semilunar valve includes 
a native pulmonary valve, wherein the downstream artery includes the pulmonary trunk, 
and wherein the distal fixation member is configured to be positioned in the pulmonary 
trunk. 

20 305. The ^paratus according to claim 302, wherein the prosthesis is configured such 
that the radial force is less than 0.5 pounds. 

306. The apparatus according to claim 302, wherein Ihe distal fixation member does not 
press upon native valve commissures of the native semilunar valve upon implantation of 
the prosthesis. 

25 307. The apparatus acooirding to claim 302, T«4ieirein the prosthesis is configured to 
apply tbe first axial force with a force of at least 40 g during diastole. 
308. The sqjparatus according to claim 302, wherein the prosthesis =is configured such 
that any radial force applied by the prosthesis outwardly against the native semilunar 
valve is insufElcieiit by itself to chronically maintain the prosthesis in position with 

•30 • resiled: to the native valve complex under conditions of normal cardiac rnotioiL 
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309. The apparatus according to claim 302, wherein the prosthesis is configured, i^n 
implantation &CTeof, to embrace, without squeezing, leaflets of the native semilnnar 
valve. 

310. The apparatus according to claim 302, wherein the distal fixation member is 
5 configured such that it does not fold ovear leaflets of the native semilunar valve upon 

impIantatiGn of the prosthesis. 

311. The apparatus according to claim 302, wiierein the prosthesis is configured to less 
than fully open leaflets of the native valve ooinplex when fee prosthesis is implanted at 
the native valve complex. 

10 312. The apparahis according to claim 302, wherein the paioximal fixation member is 
configured to be positioned at least partially in a ventricle of Ihe subject upon 
implantation of the prosthesis. 

313. The apparatus aocording to any one of claims 302-312, whetein the proMhesis is 
configured to apply the first axid force such that the ratio is gieater Ihm 

15 314. Tlie apparatus according to claim 313, wherem the prosthesis is configured to 
apply tiie first axial force sudi that the ratio is greater than 6:1. 

315. The apparatus aocording to any one of claims 302-312, wherein the prosthesis 
comprises a valve configured to assume a closed position during diastole and an open 
position during systole. 

20 316. The apparatus accordirig to elaim 315, wheardn tbe valve compnses a coUs^ible 
pliant material, configured to assume the open and closed positions. 

317. The ^aratus according to claim 315, vtdierein Ihe distal and proximal fixation 
members and the valve are configured to define a single flow field through the distal and 

proximal fixation members and Ihe valve. 

25 318. The apparatus according to claim 315, wherem the distal and proximal fixation 
members and the valve are configured to define a plurality of flow fields through the 
distal and proximal fix^on members and the valve. 

319. The apparatus according to claim 315, wherein the valve comprises one or more 
prosthetic leaflets, and T^^dwiein the valve is coupled to the prosthesis such that at least 
30 50% of an axial length of the prosthetic leaflets is distal to native valve leaflets of the 
native semilunar valve upon implantation of Ihe prosthesis. 
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320. The apparatus according to any one of claims 302-312, wherein the proximal 
fixation member is shaped so as to define at least one barb configured to apply a barb 
force to the ventricular side of the native valve complex. 

321 . The apparatus according to daim 320, wherein the at least one barb is configured 
5 to pierce the ventricular side of the native valve complex. 

322. The apparatus according to claim 320, v^erein the at least one barb is configured 
to protrude into tissue of the ventricular side of the native valve complex, without piercing 
the tissue. 

323. The apparatus according to claim 320, wherein the distal fixation member is 
10 shaped so as to define at least one mating barb, and wherein the at least one barb of the 

proximal fixation member is configured to engage the at least one mating baib, so as to 
help hold the prosthesis in place. 

324. Tbe apparatus according to any one of claims 302-3 12, wherein tiie proximal and 
distal fixation members axe collapsible. 

15 325. The apparatus according to clann 324, wherein the distal fixation member is 
configured to be positioned, during an implantation procedure, in the downstream arteiy 
while collapsed, and to be expanded before the proximal fixation member is positioned at 
least partially on the ventricular side of the native valve complex. 

326. The apparatus according to claim 324, comprising at least one tube selected fiom 
20 the group consisting of: an overtube and a trocar, wherein the proximal and distal fixation 

members are configured to be stored in the selected tube while collapsed, and to expand 
upon being dgjloyed fiom the selected tube. 

327. The apparatus according to any one of claims 302-312, wherein the proximal 
fixation member comprises an inner support structure, and wherein ihe distal fixation 

25 member comprises an outer support structure that is placed partially over ihe inner support 
structm^. 

328. The apparatus according to claim 327, wherein tiie outer support structure is 
shaped so as to define a plurality of distal diverging strut supports, fiom which a plurality 
of proximal engagement arms extend radially outward. 

30 329. The ^aratus according to claim 327, wherein the inner support structure is 
shaped so as to define a plurality of distal divergmg inner struts. 
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330. Tbe apparatus according to claim 327, iwhearein the inner support structure is 
shaped so as to define a bulging proximal skiit, a proxiDaal portion of which is (xjnfigured 
to apply the second axial force. 

331. The ^paratus according to claim 330, wherein the prosfhesis composes a graft 
5 covering that covers at least a pratioa of the skirt. 

332. The apparatus according to claim 330, whetdn the inner support structure is 
shaped so as to define a plurality of distal diverging inner struts, and wherein the skirt 
extends from the inner stmts. 

333. The apparatus according to claim 332, wherein &e outer support struchire is 
10 sh£^ed so as to define a plurality of distal diveiigbig strut supports, fiom which a plurality 

of proximal engagement arms extend radially outward, and vtdierein each of the strut 
supports is positioned over a respective one of the inner struts. 

334. The apparatus according to claim 333, wherein the engagement aims are 
positioned over a portion of the skirt. 

15 335. The apparatus according to claim 333, whCTeia the prosthesis comprises a valve 
comprising a collapsible pliant material, configured to assume a closed position during 
diastole and an open position during systole, whereia the pliant matedal conqnises a 
plurality of segments, at least two of which are coupled ti^ether by one of the strut 
supports and its respective one of the inner struts. 

20 336. Apparatus comprising a prosthesis for implantation at a native semilunar valve of 
a native valve complex of a subject, the prosfeesis comprising: 

a distal fixation member, configured to be positioned m a downstream artery of the 
subject selected from the group consisting of: an ascending aorta, and a pulmonary trunk, 
and to apply a first axial force directed toward a ventricle of the subject; and 

25 a proximal fixation member coupled to the distal fixation member, the proximal 

fixation member configured to be positioned at least partially on a ventricular side of the 
native valve complex, and to ^ly a second axial force directed toward the downstream 
artery, such that application of the first and second forces couples the prosthesis to the 
native valve complex by axially saidwiching the nattive valve complex from a 

30 downstream side and the ventricular side theneot • 

wherein the prcsthesis is configured such that ai^r radial force ^plied by the 

prosthesis outwardly against the native semilunar valve is insufticient by itself to 
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cbionically maintain the prosthesis in position wilii respect to the native valve complex 
under conditions of normai cardiac motion, 

337. The appssaim accorduig to claim 336, wherein the native semilunar valve includes 
a native aortic valve, wherein the downstream artery includes the ascending aorta, and 

5 wherein the distal fixation member is configured to be positioned in the ascending aorta. 

338. The ^Tparatus according to claim 336, wherein the native semilunar valve includes 
a native pulmonary valve, wherein the downstream artery mdudes the pulmonary trunk, 
and \s4ierein the distal fixation member is configured to be positioned in the pulmonary 

trunk. 

10 339. The apparatus according to claim 336, wherein the prosthesis is configured to 
^ply the first axial force such that a ratio of (a) the first axial force to (b) the ladSal force 
is greater than 1.5:1. 

340. Tlie apparatus according to claim 336, wherein the prosthesis is configured to 
apply the second axial force such that a ratio of (a) the second axial force to (b) the radial 

15 force is greater than 1.5:1. 

341. The fqyparatus according to claim 336, wherein the prosthesis is configured such 
that the radial force is less than 0.5 pounds. 

342. The j^aratus according to claim 336, wherein the distal fixation member does not 
press upon native valve commissures of tihe native semilunar valve upon implantation of 

20 the prosthesis. 

343. The apparatus according to claim 336, wherein the prosthesis is oonfiguied to 
^ly the fijcst axial force witii a force of at least 40 g during diastole. 

344. The apparatus according to claim 336, wherein the prosthesis is configured to 
apply the second axial force witii a force of at least 1 g during systole. 

25 345. The apparatus according to claim 336, whearein the prosthesis is configured, upon 
in^lantation thereof, to embrace, without squeezing, leaflets of the native semilunar 
valve. 

346. The apparatus according to claim 336, wherem the distal fixation member is 
configured such that it does not fold over leaflets of the native semilunar valve upon 
30 implantation of &e prosthesis. 
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347. The apparatus according to daim 336, wherein the prosthesis is conjBiguied to less 
Utaa fiilly open leaflets of the native valve complex when the ptoslhesis is implanted at 
the native valve coiapleK. 

348. The ^paratjs according to any one of claims 336-347, wherein the prosthesis 
5 comprises a valve configored to assume a closed position during diastole and an open 

position during systole. 

349. The apparatus according to claim 348, wherein the valve comprises a collapsible 
pliant material) configured to assume the open and closed positions. 

350. The apparatus according to claim 34S, wherein the distal and proximal fixation 
10 members and the valve are configurcd to deSne a single flow fleld through the distal and 

proximal flxation members and the valve. 

351. The apparatus aocordmg to claun 348, i^ierein the distal and proadmal fixation 
members and the valve are configured to define a pluralily of flow fields through the 
distal and proxunal fixation members and the valve. 

15 352. TTie apparatus according to claim 348, wherem the valve comprises one or more 
prosthetic leaflets, and wherein the valve is coupled to the prosthesis sudh that at least 
50% of an axial length of the prosthetic leaflets is distal to native valve leaflets of the 
native semilunar valve upon implantation of the prostiiesis. ' 

353. A method for inq)]anting a valve prosthesis at a native semilunar valve of a native 

20 valve complex of a subject, the method conprising: 

providing a distal fixation member of the valve porosfluesis coupled to a ptnmmal 

fixation member of the valve prosthesis; 

positioning the distal fixation member in a downstream artery of the subject 

selected firom the groi^ consisting ot an ascending aorta, and a puknonary trunk, such 

25 that the distal fixation member applies a first axial foiroe directed toward a ventricle of the 

subject, such that a ratio of (a) the first axial force to (h) a radial force applied outwardly 

by the prosthesis against the native semilunar valve is greatfcr than 1.5:1; and 

positioning the proxunal fixation member at least partially on a ventricular side of 

the native valve complex, such that the proximal fixation member applies a second axial 

30 force directed toward the downstream artery, and application of the first and second forces 

couples the prosthesis to the native valve complex by axially sandwiching the native valve 

conqjlex fiom a downstream side and the ventricular side thexeo£ 
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354. The mefhod according to claim 353, wherein the native semilunar valve includes a 
native aortic valve, vvherein the downstream artery includes the ascending aorta, and 
herein positioning the distal fixation member comprises positioning the distal fixation 
member in the ascending aoiia. 
5 355. The method according to claim 353, wherein the native semilunar valve includes a 
native puhnonaiy valve, wherem the downstream artery includes the puhnonary trunk, 
and wherein positioning the distal fixation member comprises positioning the distal 
fixation member in tiie pulmonary trunk. 

356. The mefhod accordmg to cimm 353, wherein providing comprises couplmg the 
10 distal fixation meniber to the proximal fixation member before positioning the distal 

fixation member and before positioning the proximal fixation member. 

357. The method according to claim 353, wherem providing comprises coiqiling the 
distal fixation member to the proximal fixation member after performing at least one 
action selected from the groi^ consisting of: positiomng liie distal fixation member, and 

1 5 positioning the proximal fixation member. 

358. The method according to any one of claims 353-357, wherein the distal fixation 
member and the proximal fixation member are fabricated as one integrated structure, and 
wherein providing the distal fixation member coupled to the proximal fixation member 
comprises providing the distal fixation member and the proximal fixation member that are 

20 febricated as one integrated structure, 

359. A method for hnplanting a valve prosthesis at a native semilunar valve of a native 
valve complex of a subject, the method comprismg: 

providmg a distal fixation member of the valve ptosfliesis coiq>led to a proxunid 
fixation member of the valve prosthesis; 
25 positioning the distal fixation member m a downstream artery of the subject 

selected fiom the group consisting of: an ascendmg aorta, and a pulmonary trunk, such 
that the distal fixation member applies a first axial force directed toward a. ventricle of the.- 
subject; and 

positiomng the proximal fixation member at least partially on a ventricular side of 
• 30 the native valve complex, such that the proxunal fixation member applies a second axial 
force directed toward the downstream artery, and application of the first and second forces 
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couples the prosfliesis to the native valve complex by axially sandwiching the native valve 
complex &cmi a doAvnstteam side and the ventiicul^ side IhenBO^ 

wherein positioning Has distal and i»:oxinial jSxalion members comprises 
pbsitionmg the distal and proximal fix^on members sadh that ai^r ladial force applied by 
5 the prosthesis outwardly against the native semilunar valve is insufScient by itself to 
chronically maintain the prosthesis in position with respect to the native valve complex 
under conditions of normal cardiac motion. 

360. The method according to claim 359, wherein the native semilunar valve includes a 

native aortic valve, wherein the downstream artery includes the ascending aorta, and 
10 wherein positioning the distal fixation member comprises positioning the distal fixation 
member in the ascending aorta. 

361. The method according to daim 359, irfierein the native semilunar valve includes a 
native puhnonary valve, vtodn the downstream arteiy includes Hie puhnonary trunk, 
and wherein positioning the distal fixation mouber oompiises positioning the distal 

1 5 fixation member in the pulmonazy trunk. 

362. The method accoidmg to claun 359, v^ierem providing comprises coupling the 
distal fixation member to the proximal fixation member before positioning the distal 
fixation member and before positioning the proximal fixation member. 

363. The method according to claim 359, wfaeidn providing comprises coupling, the 
20 distal fixation member to the proximal fixation member after psriEbiming at least one 

action selected from the group consisting of: positioning the distal fixation member, and 
positioning the proximal fixation member. 

364. The method according to any one of claims 359-363, wherein the distal fixation 
member and the proximal fixation member \^ch are fabricated as one integrated 

25 srtmcture, and wherein providing the distal fixation member coiqjled to the proximal 
fixation member comprises providing die distal fixation member and the proximal fixation 
member that are fitbricated as one int^^ated structure. 

365. Apparatus comprising a prostfiesis for implantation at a native semilimar valve of 
a native valve complex of a subject, the native valve complex havuig sanilunar sinuses, 

30 the prosthesis comprising a valve pros&esis si^iport, ^ch oompdses & support structure 
compnsmg at least two engagement amis. 



139 



wo immssai 



PCT/IL2007/001149 



v^^ierein, upon implantation of the prosthesis, each of the engagement anns is at 
least partially disposed within a respective one of the semilunar sinuses, and 

wherein a shape of at least one of the engagement arms is generally characterized 
by a fimction z"(r) >= 0, vAisn z is a hei^ of any given point on the at least one 
5 engagemeirt arm measured along a longitudmal axis of the prosthesis, and r is a distance 
&om the longitudinal axis to the given point 

366. The apparatus according to claim 365, wherein the ^lape is generally 
characteiized by the fimction z"(r) > 0. 

367. The apparatus according to claim 3 65 , wherein the native semilunar valve includes 
10 a native aortic valve of the subject, wherein the semilunar sinuses include respective 

aortic sinuses, and wherein, upon implantation of Ihe prosthesis, each of the engagement 
arms is disposed at least partially within the respective one of the aortic sinuses. 

368. The apparatus according to claim 365, wherein the native semihmar valve includes 
a native pulmonary valve of the subject, wherein the semilunar sinuses include respective 

15 puhnonary sinuses, and T«dberein, vipan implantation of the prosthesis, each of the 
engagement aims is at least partially disposed within the respective one of tiie puhnonary 
sinuses. 

369. The ^ijfflratus aooording to claim 365, "vrfierein each of the engagement arras 
comprises at least one extension element fliat extends from tiie engagement arm, which at 

20 least one extension ekmueirt is configured to engage a sinus floor of the respective one of 
&e semilunar sinuses upon implantation of the prosthesis. • 

370. The ^aratus accordmg to claim 365, T«d»erein the support structure comprises 
exactiy three engagement arms. 

371. The apparatus according to clafan 365, whetem the prosthesis is configured, upon 
25 implantation thereof, to embrace, without squeezing, leaflets of Ihe native semilunar 

valve. 

372. The apparatus according to claim 365, whsma the valve prosthesis support is 
configured such that, upon implantation of the prosthesis, the valve prosthesis support 
does not fold ova: leaflets of the native semilunar valve. 

30 373. The apparatus according to claim 365, 

wheiem the support structure is configured to serve as a distal fixation member, 
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wherein liie valve prostiiesis si^iport comprises a proximal fixation member, and 
wherein the proximal fixation member and the engagement amis of the distal 
fixation member are configured to axially sandwich ftie native valve coniplex firom 
ventricular and downstream sides thereof, respectively, upon implantation of the 
5 pros&esis. 

374. The ^axatus according to any one of claims 365-373, wherein each of the 
eng^ement arms is configured to engage a respective one of the sennlunar sinus^ upon 
implairtation of the prosthesis. 

375. The apparatus according to claim 374, wherein each of the engagement arms is 
10 shaped so as to define at least one tension element that extends from the engagement 

arm, and whearein each of the engagement anns and its respective at least one extension 
element are configured such t bq^t the engorgement aim engage, via the at least one 
extension element, a sinus floor of tiie respective one of the semilunar sinuses upon 
implantation of the prosthesis. 
15 376. The apparatus according to claim 374, vdierein each of the engagement arms is 
shaped to define a length, parallel to a longitudinal axis of the prosthesis, between (a) at 
least one of Hie junctures and (b) a contact point of one of the engagement arms that meets 
at the juncture with a sinus floor of the respective one of the semilunar sinuses upon 
implantation of the prosthesis, which length is gref^ than 6 nun. 

20 377. Tbs apparatus according to any one of claims 365-373, wherein the prosthesis 
comprises a prosthetic valve comprising one or more prosthetic leaflets, wherein at least a 
portion of each of the prosthetic leaflets is configured to assume a closed position during 
diastole and an open position during systole, and whearein the at least a portion is not 
directiy coupled to any of the engag^ent arms. 

25 378. The apparatus according to claim 377, vtdherem the prosthetic valve is coupled to 
the support structure such that at least 50% of an axial length of the prosthetic leaflets is 
distal to native valve leaflets of the native semilunar valve, upon implantation of the 
prosthesis. 

379. The apparatus according to any one of claims 365-373, vdierein the engagement 
■ ■ 30 arms are configured to touch respective floors of the respective semihinar sinuses, upon 
implantation of the prosthesis. 
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380. The apparatus according to claim 379, wherein the engagement aims are 
configured to finnly engage Ihe respective semilunar sinuses, upon implantation of the 
prosthesis. 

381. Apparatus comprising a prosthesis for implantation at a native semilmmr valve of 
5 a native valve complex of a subject, the native valve complex having semilunar sinuses, 

■the prosthesis comprising a valve prosthesis support, which compadses a support structure 
comprising at least two engagement arms, 

wherem, upon implantation of the prosthesis, eadi of the engagement arms is at 
least partially disposed within a respective one of the semilunar sinuses, and 
10 wherein a shape of at least one of the engagement arms is generally upwardly 

concave. 

382. A method for unplanting a prosthesis at a native semilunar valve of a native valve 
complex of a subject, Uie native valve complex having semilunar sinuses, the method 
conq)iisiag: 

15 providing the prosttiesis including a valve prosthesis support, which valve 

prosthesis support mcludes a support structure including at least two engagement arms, 
wherein a shape of at least one of the engagement arms is generally characterized by a 
function z"(r) >= 0, where jz is a height of any given point on the at least one engagement 
aim measured along a longitudinal axis of the prosthesis, and r is a distance from the 

20 longitudinal axis to the given point; and 

implanting the prosthesis such that each of the engagement arms is at least 
partially disposed within a respective one of the semilunar sinuses. 

383. The method according to claim 3 82, wherein implanting comprises implanting the 
prosthesis such that each of the engagement aims is configured to engage a respective one 

25 of the semilunar sinuses. 

384. A method for implanting a prosthesis at a native semilunar valve of a native valve 
con^lex of a subject, the native valve complex having semilunar sinuses, the method 
comprising: 

providing the prosthesis including a valve prosthesis support, wMch valve 
30 prosthesis support includes a support structure including at least two engagement arms, 
wherdn a sh^ of at least one of the engagement arms is generally upwardly concave; 
and 
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implaatiiig the prostbiesis such that each of the engagement arms is at least partially 
disposed ■within a respective one of the semilunar sinuses. 

385. Apparatm comprising a prosthesis fiwr irt^jlantation at a native semilunar valve of 
a native valve complex of a subject, tiie prosthesis conqiirising: 

5 a distal jGxation member, coDdSgured to be positioned in a dovmstream artexy of the 

subject elected fiom the group consisting of: an ascending aorta, and a puhnonary trunk, 
and to apply a first axial force directed toward a ventricle of Ihe subject; and 

a proximal fixation member coupled to the distal fixation member, the proximal 
fixation member configured to be positioned at least partially on a ventricular side of the 
10 native valve complex, and to ^jply a second axial foroe directed toward the dovmstream 
artery, such that application of Ifae first and second forces couples the prosthesis to the 
native valve complex by axiially sandwiching the native valve complex fix>m a 
downstream side and the ventricular side thereof, 

wherein the prostheas is configured, upon implantation tberao^ to embrace, 
15 without squeezing, leaflets ofthe native semilunar valve. 

386. The apparatus according to claim 3S3, wherein the prosthesis is configured, i^n 
implantation thereof, to gently embrace, without squeezing, the leaflets of the native 
semilunar valve. ^ 

387. The apparatus according to claim 385, wherein the native semilunar valve includes 
20 a native aortic valve, ^earein the downstream artery includes the ascending aorta, and 

wherein &e distal fixation roember is configured to be positioned in the ascending aorta. 

388. The apparatus according to claim 385, v^erein the native semilunar valve includes 
a native puhnonaiy valve, wheiein the downstream artery includes the puhnonary trunk, 
and wherdn the distal fixation member is configmed to be positioned in the puhnonary 

25 trunk. 

389. The apparatus according to claim 385, wherein the prosthesis is configured such 
that any radial force applied fay the prosthesis outwardly against the native seaxulunar 
valve is insufScient by itself to chronically maintain the prosthesis in position with 
respect to the native valve complex under conditions of normal cardiac motion. 

30 390. The apparatus according to claim 385, wherein the prosthesis is configured to 
apply the first aodal force such tiiat a ratio of (a) the first axial force to (b) a radial force 
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applied outwardly by the prosfheas against the native semilunar valve is greater than 
1.5:1. 

391. The ^aratus acconJing to claim 385, v^erein the prosthesis is configured to 
apply the second axial force such that a ratio of (a) the second axial force to (b) a radial 

5 force applied outwardly by the prosthesis against Ihe native semilunar valve is greater 
tiian 1.5:1. 

392. The apparatus according to claim 385, wherein Ihe prosthesis is configured to 
apply a radial force of less than 0.5 pounds outwardly against the native semilunar valve. 

393. The apparatus according to claim 385, vsdierein the distal fixation member does not 
1 0 press upon native valve commissures of the native semilunar valve upon implantation of 

thepros&esis. 

394. The apparatus according to cledm 385, wherein the prosthesis is configured to 
£qpply tiie first axial force with a force of at least 40 g during diastole. 

395. The apparatus according to claim 385, vribterein the prosffaesis is configured to 
1 5 apply the second axial force wrtii a force of at least 1 g during systole. 

396. The apparatus according to claim 385, wherein the prosthesis is configured to 
^ly the second axial force with a force of at least 5 g during systole. 

397. The apparatus according to claim 385, wherein the distal fixation member is 
configured such ^t it does not fold over leaflets of fte native semilunar valve upon 

20 implantation of the prosthesis. 

398. The ^aratus according to claim 385, wherein the prostiiesis is configured to less 
than fiilly open leaflets of the native valve complex wheal the prosthesis is implanted at 
tbs native valve complex. 

399. The apparatus according to any one of claims 385-398, wherein the prosthesis 
25 comprises a valve configured to assume a closed position during diastole and an open 

position during systole. 

400. The apiraralus according to claim 399, wherein the valve comprises a collapsible 
pliant material, configured to assume the open and closed positions. 
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401. The apparatus according to daim 399, the distal and proximal fixation 
members and fhe valve are configured to define a single flow field through the distal and 
proximal fixation members and the valve. 

402. The apparatus according to claim 399, whereia the distal and proximal fixation 
5 members and the valve are configured to define a plurality of flow fields through the 

distal and proximal fixation membeas and the valve. 

403. The apparatus according to claim 399, vrfherein the valve comprises one or more 
prosthetic leaflets, and \^ierein &e valve is coupled to the proslhesis such that at least 
50% of an axial lengtii of the prosthetic leaflets is distal to native valve leaflets of the 

1 0 native semilunar valve va^n irDplautation of the prosthesis. 

404. Apparatus oon^rising a valve pETOsthesis for implantation at a native semilunar 
valve of a subject, its prosthesis comprisang: 

one or more distal fixation members, vtbich are configured to be coupled without 
suturing to the native semilunar valve such that the members prevent openir^ of native 
1 5 leaflets of the native semilunar valve to their maximuTn diameter; and 

a pliant material coupled to at least one of the distal fixation members, the pliant 
material having a closed position and an open position. 

405. The apparatus according to claim 404, wherein the native semilunar valve includes 
a native aortic valve, and wherein tiie one or more distal fbcation members are configured 

20 to be coupled with suturing to the native aortic valve. 

406. The aj^aratus according to claim 404, wherein the native semilunar valve includes 
a native puhnonary valve, and v^erein tiie one or more distal fixation members are 
configured to be coupled with suturing to Ibe native pulmonaiy valve. 

407. The apparatiis according to daim 404, wherein the one or more distal fixation 
25 members are configured to define a maximum extent of opeanng of liie native leaflets. 

408. Hie apparatus according to any one of claims 404-407, "vrfierein the one or more 
distal fixation members comprise at least two distal fixation members, and wbexeia the at 
least two distal fixation members are configured such tiiat upon implantation of the 

' ■ - prosthesis, at least apportion of the -native leaflets is positioned between the at least two - 
30 distal fixation members. 
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409. A method for implanting a valve prosthesis at a native semilunar valve of a native 
valve complex of a subject, the method compulsing: 

providing a distal fixation member of the valve prosthesis coupled to a proximal 
fixation member of the valve prostiiesis; 
5 positioning the ^iistal fixation member in a downstream arteacy of the subject 

selected fix>m the group consisting of: an ascending aorta, and a puhnonary trunk, such 
that the distal fixation member applies a first axiai force directed toward a ventricle of the 
subject; and 

positioning tiie proximal fixation meanber at least partially on a ventricvdar side of 
10 Ihe native valve complex, such that the proximal fixation member applies a second axial 
force directed toward Hie downstream artery, and application of the first and second forces 
couples the prosthesis to the native valve oonrplex by axially sandwiching the native valve 
complex j&om a downstream side and the ventricular side thereof, 

v^rftierein positioning the distal and proximal fixation members comprises 
15 positioning the distal and proximal fixation members such that the valve prosthesis 
embraces, without squeezing, leaflets of the native semilunar valve. 

410. The method according to claim 409, wheidn the iaative semilunar valve includes a 
native aortic valve, wherein the downstream artery includes the ascending aorta, and 
wherein positioomg the distal fixation oaember cqmprises positioning tiie distal fixation 

20 member in the ascending aorta. 

411. Hie method according to claim 409, wherein the native semilunar valve mcludes a 
native puhnonary valve, wherein the downstream arteacy includes the puhnonary trunk, 
and wherein positioning the distal fixation member comprises positioning the distal 
fixation membea' in the puhnonary trunk. 

25 412. The method according to any one of claims 409-411, positioning the distal and 
proximal fixation members comprises positioning the distal and proximal fixation 
members sudi that the valve prosthesis gaatiy embraces, witiiout squeezing, tiie leaflets of 
the native semilunar valve. 

413. A meliiod for implanting a valve prosthesis at a native semilunar valve of a 
30 subject, the method comprising:. 
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positioning one or more distal fixation members of the valve prosthesis in a 
vicinily of the native semilunar valve, wherein a pliant material coupled to at least one of 
flie distal fixafioa members has a closed position and an open position; and 

without sutuiing, boupling the one or more distal fixation members to Ihe native 
5 semilunar valve such that &e distal fixation members prevent opening of native leaflets of 
tiie native semilunar valve to Iheir ni5inrimiiTn diameter. 

414. The mediod according to daim 413, wherein the native semilunar valve includes a 
native aortic valve, and i^dierein positioning comprises positioning the one or more distal 
fixation membeis in the vicinity of the native aortic valve. 

10 415. The method according to claim 413, \\4ierein the native semilunar valve includes a 
native pulmonary valve, and wherein positioning comprises positioning the one or more 
distal fixation members in the vicinity of the native puhnonary valve. 

416. The method according to claim 413, vrfierein positioning the one or more distal 
fixation members comprise poshioning tiie one or more disM fixation members to define 

15 a maxunum extent of opening of the native leaflets. 

417. The method according to any one of claims 413-416, wherein the one or more 
distal fixation members include at least two distal fixation members, and wherein 
positioning comprises positicniiig the at least two distal fixation members such at 
least a portion of the native leaflets are positioned between the at least two distal fixation 

20 members. 
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FIG. 9C 



FIG. 9D 
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FIG. 12G 
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